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Stargazing 

FIVE miles from Cambridge a team of scientists in the 
Radio Astronomy Department of the University are 
reaching for the astronomical bodies known as radio 
stars with their new interferometer. Already with less- 
powerful instruments they have detected and measured 
2000 sources, some up to 300 million light-years distant. 

The extension of this work was made possible by the 
establishment of the Mullard Observatory in 1956, and 
on p. 14 Prof. Martin Ryle describes the programme of 
research there which in addition to radio-star investiga- 
tions includes 1.f. observations of the Milky Way. 

Two new instruments at the observatory use a method 
of aperture synthesis whereby a small aerial is moved to 
cover successively the positions of a larger aperture and 
the observations are synthesized by digital computer. 
The moving aerial of the radio-star interferometer is 
depicted on the cover of this issue. 


The President and Council send good wishes for the New 
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T seems a very short time since I read the New Year 
message of my predecessor. The impression that the 
: year is getting rapidly shorter has no scientific foundation 
for, on the contrary, it appears to be lengthening at the 
rate of about 51 millisec per 100 years. Yet it is a widely 

held impression among those whose lives are full of 
interest and variety and for whom there is always much 
to do and more to think about. We electrical engineers 
are in this fortunate position. We are riding on the crest 
of a scientific and technological wave of which the 
propagation velocity is increasing continually and are 
progressing on a journey full of excitement and of 
promise. 

We are rightly confident of our ability to assure to 
mankind through the processes of nuclear fission and 
fusion an abundance of power beyond the time when 
| fossil fuels will remain available for this purpose. The 
use of electricity has already eliminated much manual 
drudgery and has combined with developments in 
electrical illumination to improve the conditions of 
employment for large sections of the community. In the 
home the improvements in electric lighting have been 
supplemented by attractive and economic forms of 
electrical heating, by a wide range of domestic appliances 
and by ready means of entertainment through radio and 
television. 

We have so extended the means of communication 
that what happens in one part of the world is known 
everywhere within a few hours, and have made a major 
contribution to the amenities and safety of travel by 
land, by sea and in the air. We have provided for use in 
our hospitals electrical equipments for diagnosis and 
treatment which are proving of great assistance in safe- 
guarding physical health and in extending the span of 
human life. The theories and techniques we have devised 
for use in electrical communication are stimulating and 
guiding the study of animal and human behaviour, from 
Which may come in time more effective means of com- 
bating the mental and nervous disorders of which there 
is such limited present understanding. 





A HAPPY NEW YEAR 


Our efforts are providing direct employment in this 
country for over a million people and consequential 
employment for many more and have made the electrical 
the premier exporting industry of the country, which 
represents a major contribution towards the maintenance 
and improvement of our standard of living and our 
economic stability. 

These many achievements justifiably give us much 
cause for satisfaction not merely because of their 
scientific and technological merits but also because of 
the material benefits which they are bringing to the 
community. Whether they are making a commensurate 
contribution to the sum total of human happiness and 
contentment is doubtful but this is a question which 
most will regard as falling outside the scope of our 
professional considerations. Certainly merely in our 
capacity as professional engineers we have no preroga- 
tive to form judgments or to make claims in this 
connection. 

Yet we can do much directly within our professional 
activities by trying to anticipate the likely consequences 
to others of our technological achievements and by the 
way in which we handle the human problems which are 
associated with the carrying out of our individual 
responsibilities. Particularly we should be careful to 
study the interests and well-being of our junior colleagues 
and to set them an example of personal behaviour and 
of integrity which will provide a foundation for their 
own professional careers. 

With these thoughts in mind it gives me much pleasure 
to send to all members of The Institution at home and 
oversea my best wishes for a happy and prosperous 
New Year. 


AS ite ToeKoow 





THE PRESIDENTIAL ADDRESS 


THE MAKING OF PROFESSIONAL ELECTRICAL ENGINEERS,.,, 


This is an abridged version of the Address given by Sir 
Willis Jackson, F.R.S., at his inauguration as President 
of The Institution on the 9th October 1959 (see p. 6). 
Space does not permit the inclusion of Sir Willis’s intro- 
ductory survey of certain features and consequences of the 
fantastic pace and scale of the progress which has taken 
place in electrical engineering since he graduated in 1925 
nor any reference to sections dealing with management 
studies; our responsibilities oversea, particularly to the 
Commonwealth; and the unity of the engineering profession. 
The complete text will be published in Part A (February 
1960) and Part B (January 1960) of the Proceedings. 





The schools 


URING recent years the grammar and public schools 
have responded magnificently to the call that a 
larger number of our most able young people should be 
prepared for a prolonged study of science and its appli- 
cations. More is required however than a mere increase 
in the number of sixth-form science specialists—this 
increased number needs to be more broadly educated 
than has been the case. 

At age 18 our sixth-form scientists are probably a 
year ahead of their contemporaries anywhere in their 
knowledge of science but they know correspondingly 
less about other subjects. The same applies, but even 
more so, to the arts specialists for whom only a modest 
attempt appears yet to have been made to afford an 
appreciation, limited though this may have to be, of the 
history and achievements of science and of the manner 
in which its progress has affected the evolution of our 
communal life. 

Quite apart from any restraints there may be within 
the schools themselves it is evident that changes in this 
direction are being impeded by two factors at least for 
which the schools cannot be accounted responsible. 

The first is the shortage of well qualified science teachers 
the present scale of which is such that in October 1958 
there were three times as many vacancies for graduate 
teachers of mathematics, and almost twice as many for 
physics graduates, as the net increases in these subjects 
during the preceding session. The seriousness of this 
situation may be judged from the fact that by 1961 the 
number of 17-year-olds in the English and Welsh schools 
is likely to be 30% and by 1964 80% larger than at present. 

The second factor is that a substantial broadening of 
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sixth-form curricula can be made only with the collabora. 
tion of the universities. It would of course involve a 
lowering of the present standards of knowledge in 
specialist subjects required for university entry, which is 
in the wrong direction to assist the universities to with- 
stand the pressure of new knowledge within these subjects, 
An increase in the duration of undergraduate course 
from three to four years would be regarded as essential, 
only to be ruled out as unattainable in circumstance 
where the possibilities of university expansion may no 
more than cater for the increased number of new students 
to be expected. 

Such in brief is the dilemma of the grammar and public 
schools. The changes in them which many regard as 
urgent may well be slow in maturing. Regrettably ther 
are movements within some grammar schools in what] 
regard as the wrong direction. I have in mind the intro 
duction of engineering subjects into sixth-form curricula, 
no doubt with the aim of stimulating the interest of some 
students in engineering as a career and of providing an 
incentive to serious study. 

In my opinion it would be a great misfortune if through 
a misconception of the educational needs of the profes 
sional engineer the grammar schools were to encourage 
boys with little aptitude for mathematics and the basic 
sciences to remain at school to age 18 for the study of 
technical subjects. These boys should leave to enter 
industry at an earlier age and to pursue the appropriate 
studies at a technical college. 


The universities 


Even were an increase in the duration of under 
graduate courses at present practicable I should argue that 
three years at a university straight from school is a long 
enough preliminary for all students of engineering to 
participation in the practice of their subject and long 
enough in total for most of them. Greater urgency 
attaches to the need for the departments of engineer- 
ing to review—I would hope collectively—the content of 
their present three-year courses; and to consider among 
themselves and in consultation with the technical 
colleges—with the colleges of advanced technology 
particularly—and with industry their distinctive contri- 
bution to postgraduate studies for a proportion of their 
graduate output. 

This collaborative reconsideration at both the under- 
graduate and postgraduate levels is made the more 
necessary by the rapid development within the technical 
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colleges of courses leading to the new Diploma in 
Technology and by the recent announcement of a higher 
award, that of Membership of the College of Technolo- 
gists, the attainment of which will involve participation 
in courses of advanced study. 

In my opinion a clarification of the position which the 
colleges of advanced technology are to occupy in relation 
to the universities within the structure of technological 
education is becoming a matter of urgency, and help 
from the universities seems to me vital to this clarification. 

Much has already been done to remove, or reduce 
attention to, many of the technicalities which used to find 
a place in undergraduate courses in electrical engineering. 
Nevertheless I consider that insufficient recognition has 
yet been given in these courses to the dependence of 
progress in electrical engineering on the work of physi- 
cists, chemists, mathematicians and metallurgists and to 
the outstanding importance of the development and 
exploitation of new materials. 

Moreover the subject of electrical machines, and of 
electromechanical systems generally, is much in need of 
reconsideration with a view to making it as basic and as 
stimulating a study as that of electronics and communi- 
cations and to showing how the two branches are inter- 
related through the principles of electromagnetism and 
the properties of materials and are bound together by a 
common mathematics. 

I do not underestimate the difficulties. It will be said 
that undergraduate courses which drew as extensively 
on science as I myself would wish would be unattractive 
to students who, having chosen engineering rather than 
science, expect their course to introduce them to the 
practical features of their subjects and to permit some 
concentration on a specialist branch of it in the final 
stages. What I visualize is I hope no contradiction of 
this expectation. The problem is how to broaden the 
fundamentals without making these fundamentals an 
end in themselves and how therefore to illustrate their 
technological significance by examples drawn from 
developing practice as a bridge between scientific 
abstraction and engineering achievement. 

The desirable result on the science side will not come 
merely from the incorporation of specific courses in 
physics, chemistry and metallurgy taught, in a manner 
apart, in the sense of the honours schools in these 
subjects. Nor of course must the treatment of the appro- 
priate parts of them carry with it the stigma which I 
have known to be associated with courses designated 
‘for engineers’ because the scientists concerned were 
inclined to treat them as a provision for second-rate 
minds rather than for first-rate ones whose interests lay 
in the application of these subjects as distinct from the 
pursuit of them for their own sake. 

The changes which I believe to be necessary will be 
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achieved only by a fuller measure of interdepartmental 
collaboration and a less rigid adherence to traditional 
departmentalism within science and technology than 
appears still to characterize some of our universities. 

Even then the full potentialities of a university educa- 
tion will not have been realized unless the student’s 
mind has been opened to an appreciation of the fact that 
exclusive devotion to a scientific discipline will not give 
him all he needs as a preparation for life. With this as 
his theme Sir Eric Ashby has presented the case for an 
extension of interdepartmental collaboration beyond 
science and technology into the domain of the arts 
faculties in a stimulating paper entitled “Technological 
humanism’ which was reprinted in the April 1958 Journal. 

Movements in undergraduate engineering education 
in these directions will of course leave for later acquisition 
an increasing amount of more specialized knowledge and 
require an increasing provision of postgraduate courses. 
Several universities are now providing such courses of 
one year’s duration. I have already hinted that participa- 
tion in them should desirably be preceded by a period 
in engineering practice and I believe that many of the 
university staff members concerned also hold this view. 
They have therefore been disappointed with the limited 
industrial support for the steps they have taken and have 
concluded that the only means of ensuring adequate 
student numbers is to accept men who have just graduated. 

The limited response of industry has been due in part 
to the shortage of graduates at a time of rapidly expanding 
industrial activity. But the universities are themselves in 
part responsible. 

In the first place it would have been wise had they not 
all adhered so rigidly to the normal sessional pattern of 
university courses but had been willing to offer as an 
initial step courses of shorter duration. Secondly some 
of the courses offered have been essentially departmental 
in character, have not drawn on the wider resources of 
their university, and have therefore failed to reflect the 
kind of interrelationships within science, technology and 
the humanities to which I have just referred. And thirdly 
there has been some reluctance to recognize the need at 
this level for the participation of outside experts as 
lecturers as is common practice on the Continent and in 
Russia. 

It is quite unrealistic to suppose that the teaching of 
technology at its highest level can be carried wholly by 
men who occupy full-time teaching posts unless these 
men return to industry or a similar environment at 
appropriate intervals. It is my conviction that the 
raising of technological teaching in this country to 
the level required demands a greater mobility of staff 
between educational institutions on the one hand and 
industry or Government establishments on the other 
than has yet been achieved and, in supplementation, 


3 








that carefully selected men should be fully recognized 
members of both at one and the same time. 

A good start would be for the research establishments 
of the Department of Scientific and Industrial Research 
and some of the research associations to be accepted by 
the appropriate universities as recognized institutions in 
this sense. The separation of the D.S.I.R. establishments 
from the domain of technological teaching and the lack 
of a recognized link between them and the universities in 
respect of scientific and technological research are 
national handicaps of great seriousness which should be 
removed as quickly as possible. 

I am well aware, with some sense of personal respon- 
sibility, of the difficulties which the university engineering 
departments have experienced during recent years in 
obtaining as full-time staff members men who are leaders 
or potential leaders of thought in their subject. 

When appointed such men wish to and indeed must 
pursue research. The dangers of this pursuit are that it may 
become a dominant interest at the expense of attention to 
the broad educational needs of the undergraduate student 
body and to the neglect of personal acquaintance with 
the individual members of this body, and that the attempt 
to synthesize new knowledge and to unify it with the old 
for teaching purposes may be neglected because it does 
not carry the same glamour nor gain the same recognition 
as research (as normally understood). 

Moreover the retention of raw graduates for partici- 
pation in research programmes tends, I find, to generate 
in these young men an inability to recognize on their 
entry into industry that research work in this environment 
is not a thing apart but something which, to be effective, 
must be woven into the whole fabric of industrial 
activity, and that it requires of the researcher experiences 
which cannot be gained in isolation from this wider 
environment. It was this kind of consideration which 
prompted the conception of the Membership of the 
College of Technologists as an award which would nor- 
maily require the successful completion of a programme 
of work carried out jointly in industry and at a 
college. 


The technical colleges 


For many years past National Certificate courses have 
provided an important route to corporate member- 
ship of our Institution. On the part-time day basis on 
which these and the required additional courses are nor- 
mally followed however, satisfaction of The Institution’s 
examination requirements has become a very difficult 
undertaking and involves a minimum of eight years’ 
study from entry into the first year of the Ordinary course. 
Even then the sequence of scientific and technical 
subjects is not best suited to professional! purposes. 
Moreover devotion of the whole period of college 
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attendance to scientific and technical study affords no 
opportunity for participation in the corporate life of th 
college and no time for the continuance of gener 
education except so far as good teachers may achiew 
something of this within the scientific and technical 
subjects themselves. 

These limitations have been overcome by the sandwich 
arrangements which characterize the new Diploma ip 
Technology courses administered by the National Coungil 
for Technological Awards. 

This and other technical-college developments taken 
in association with the trend for academically promising 
boys to remain at school well beyond the statutory 
leaving age suggest that in due course the great majority 
of prospective professional electrical engineers in th 
technical colleges either will not enter National Certificat 
courses or will leave them at the Ordinary Certificate 
stage and that these courses will come to serve mainly 
the needs of high-grade technicians as was the conception 
when they were introduced some 30 years ago. 

The Institution has no intention however of closing 
this route to professional recognition. There are always 
likely to be some men of professional ability for whom 
it will be the only route. The Institution has been 
criticized for too rapid an introduction of its new examina 
tion requirements to the embarrassment of many men 
now engaged on National Certificate courses and IJ am 
sure it will be the wish of all of us to minimize such 
hardship as may arise during the transitional period. 

When inaugurating the Diploma in Technology scheme 
the National Council for Technological Awards declared 
its intention of establishing for the Dip.Tech. and 
Dip.Tech.(Eng.) awards a standard comparable with 
that of an honours degree. This comparison inevitably 
raised the question as to what were to be the distinctive 
features of Diploma in Technology and degree courses. 
It was obvious that they were structurally different and 
the significance of this was emphasized in the National 
Council’s statement that the periods of industrial 
training were to be regarded as just as much a part of 
the Diploma courses as those of college study and that 
the two parts should be closely co-ordinated. 

An important factor in this concept was that in 
general the students would be ‘industry based’, i.e. they 
would be attached to sponsoring industrial concerns as 
student apprentices and these concerns would therefore 
act in partnership with the colleges in the achievement 
of this co-ordination. A second distinction was the 
National Council’s insistence on the inclusion of liberal 
studies within the curricula. What has not yet emerged 

explicitly is whether there are to be two distinctive 
approaches to the teaching of the technological subjects 
themselves; whether in fact there can or should be for 
men aiming at the same professional objective. 


JOURNAL I.E.B, 
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It is easy to say with the sandwich character of the 
Diploma in Technology courses in mind that the presenta- 
tion in these courses should be more closely related to 
practice in the subject of which the student is gaining 
interwoven industrial or allied experience. The difficulty 
lies in defining what is meant by this in the professional 
sense. 

The broad distinction in method I myself am inclined 
to draw is that the Diploma courses should tend to work 
from the particular towards the general and university 
courses from the general to the particular. The matter 
affords much scope for educational research of which far 
too little is being done within, or if done being published 
by, either the universities or the technical colleges. Papers 
on this topic would be a welcome and valuable addition 
to the literature of The Institution. 

I remarked previously on the need for supplementation 
of our three-year undergraduate courses by systematic 
postgraduate studies. The same arguments apply to 
the four-year Dip.Tech.(Eng.) courses which many feel 
should soon be extended to five years. In this case 
accommodation, within the colleges of advanced techno- 
logy at any rate, is unlikely to be a restraining factor. 
More important considerations are likely to be staffing 
and the possibility that firms which are at present 
financing students throughout a four-year course may be 
unwilling to give them longer support. 

However whether linked directly to an extension of 
the Diploma courses or not it seems evident that the 
larger technical colleges must begin to organize full-time 
advanced courses of appropriate duration in the specialist 
fields of technology relevant to their respective regions 
for holders of both Diploma and degree qualifications. 


The training of professional electrical 

engineers 

The major engineering institutions have always held 
the view that for the adequate preparation of professional 
engineers the education to which I have been referring 
requires to be supplemented by a further process nor- 
mally conducted in the environment of engineering 
practice and referred to as training. The need to use 
this distinguishing word is unfortunate since it tends to 
obscure the essentially educational objectives involved. 
These I have tried to restate in the full version of the 
Address. I wish I could claim that they are being fully 
attained even by the concerns which have devoted a great 
deal of attention to this matter. 

It is not infrequently remarked in respect of graduates 
that the training arrangements tend to be too inflexible 
to cater adequately for the more intelligent, that too often 
the periods spent in the workshops are characterized by 
boredom and frustration, and that the opportunities for 
the exercise of initiative and for the carrying of preliminary 
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responsibility are too long delayed—and in respect of 
Diploma in Technology students that the components of 
the training and of the academic studies are inadequately 
co-ordinated. These are very real problems and I cannot 
overemphasize that they can be resolved only in part by 
formally appointed training officers; they demand the 
enthusiastic help of men occupying positions at all levels 
of their organizations and particularly of those who are 
Corporate members of The Institution. 

I would appeal particularly to those who are associated 
with the smaller and more specialized firms which cannot 
provide schemes of comprehensive training wholly 
within themselves but which could contribute to this 
achievement by collaborating with other firms in group 
arrangements on the lines of the Scottish Electrical 
Training Scheme embracing six electrical manufacturing 
concerns and two electricity boards. 

It is a matter of great urgency that augmented com- 
prehensive training facilities should be made available 
on behalf of the increasing output of graduate engineers 
and if the Diploma in Technology scheme is to achieve 
the objects and standards for which it was established. In 
my opinion the shortage of these facilities has become 
the Achilles’ heel of our national plans for the further 
development of technological and technical education. 
I include technical education because I am even more 
concerned about our national deficiencies in respect of 
technician and craft training. 

There is a further aspect of this matter. At the present 
time there are upwards of 40000 oversea students, 
including some 26000 from the Commonwealth, in this 
country. Of the latter over 7000 are university students 
of whom about 1600 are following undergraduate 
courses in technological subjects, while a further 6500 
are studying in the technical colleges. 

We in engineering are faced with the serious problem 
that it is becoming increasingly difficult to make arrange- 
ments in industry and the operating organizations for the 
training of these young people, in consequence of which 
many of them are reluctantly taking advantage of oppor- 
tunities being offered on the Continent. To this problem 
there can be no solution except through an acceptance 
by the smaller and more specialized firms of a greater 
measure of responsibility for contributing to the provision 
of good training facilities in the national—but also in 
their own—interest. 


The utilization of professional engineers 

I want now to leave the problems of the education and 
training of professional electrical engineers to ask whether 
we are utilizing the ones we already possess to the best 
national advantage. In an article in the March 1959 
Journal Mr. G. S. C. Lucas suggests that some of our 
Corporate members may be performing duties which 
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with appropriate replanning and with the fuller utiliza- 
tion of computing and other new techniques might well 
be undertaken by persons of lower qualifications. I feel 
strongly that this is the case but it assumes the availa- 
bility of people, themselves well educated and trained 
but to a different level, on whom the work can bedevolved. 

In this connection I believe we have given quite inade- 
quate recognition to the importance and too little atten- 
tion to the educational needs of the technicians on whom 
we professional engineers are so dependent, and I think 
it essential we should devise a means of affording 
appropriate corporate status to the more highly qualified 
members of them. Although a great deal of thought 
was given to this matter by the Council of The Institution 
a few years ago no solution was then forthcoming but I 
am glad to say that it is to receive urgent reconsideration. 

There is a further aspect of our utilization of scientific 
and engineering manpower however about which I find 
myself becoming increasingly concerned. It arises from 
the high degree of subdivision which characterizes our 
industrial structure. The subdivision produces among the 
larger organizations a considerable multiplication of 
research, development and design effort directed to the 
same or substantially the same technical objectives and 
the possibility that no one of these concerns has the 
resources either of manpower or of finance to launch a 
really major attack in a new field. Among the smaller 
ones it means all too often not only an absence of research 
and development effort within themselves but also in 
varying degrees an inability to take advantage of the 
results of work of this kind being done in the research 
associations on their behalf. 





OPENING MEETING 


Sir Willis Jackson’s trenchant 


An account is given below of the Ordinary Meeting at Savoy 
Place on the 9th October 1959 at which Sir Willis Jackson, 
D.Sc., F.R.S., succeeded Mr. S. E. Goodall, M.Sc.(Eng.), 
F.Q.M.C., as President of The Institution. An abridged version 
of Sir Willis Jackson’s Inaugural Address appears on p. 2. 


AM sectors of the educational cosmos came under the 
penetrating beam of Sir Willis Jackson’s Address at the 
Opening Meeting on the 9th October 1959 at which he was 
inaugurated President of The Institution for 1959-60. 

The General Election had postponed the meeting one day 
but it was nevertheless a great feat, as the retiring President, 
Mr. S. E. Goodall, later showed by means of slides, that the 
Lecture Theatre had been transformed just in time from chaos 
in the second week in August to its ordered new look on the 
9th October. The reconstructed Theatre looked bigger and 
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Following my participation in a visit to Russia in 195§ 
I included in an article in the February 1956 Journal 
the question ‘How can we develop a more effective 
co-ordination of our own national effort and resources 
without loss of the benefits associated with a free society? 
This question is in process of being answered, but not 
with us as participants, in the collaborative arrangements 
now being made on the Continent as part of the European 
Free Trade Area negotiations. Agreements for joint 
research and development programmes and for the 
co-ordination of other activities are being worked out 
between previously competing firms in different countries 
and we may soon be faced with a serious situation in the 
export field. 

It therefore behoves the senior members of professions 
like our own to do all they can to ensure in their respective 
spheres that what strength we have is not misapplied ia 
unnecessary duplication, to the possible frustration of the 
young men who are joining us in our professional enter 
prises and to the detriment of our national well-being. 


After much thought I decided that I could not con 
clude my Address better than by quoting from a paper 
entitled ‘The engineer—his due and his duty in life’ 
which was presented to The Institution in 1925 by the 
late Thomas Carter (Journal I.E.E., 1926, 64, pp. 193, 
879). I would like to recommend all members of The 
Institution, the younger ones particularly, to read this 
paper for it may help them as it has helped me to see 
more clearly their duties to the engineering profession 
and to the wider community of people and of peoples of 
which it forms a part. 


analysis of education 


more spacious; there was a new feel and a new atmosphere 
about the place. Although the altered state was not the final 
one, as was evidenced by the roof still being in splints and the 
temporary walls at two sides, the setting was impressive. The 
new tip-up seating of the cinema type with a light covering 
was comfortable and was all full including some additional 
temporary seating when Mr. Goodall took the chair promptly 
at 5.30 p.m. 

He began by paying a tribute to the late Mr. T. E. Goldup 
and the meeting stood in silence for a short space. 


Raising the curtain 

He then praised all those concerned for their efforts in 
getting the Theatre ready for the occasion. The showing of the 
slides depicting the transformation of the Theatre was a signal 
for the raising of the curtain wall behind the dais to reveal 
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the screen and this was greeted by appreciative applause. 
After the slides the curtain wall was lowered to the accompani- 
ment of one or two ‘teething’ bumps and groans and some signs 
of hesitation which caused Mr. Goodall to remark ‘I’m 
surprised it comes down at all’. He probably knew that it 





was being operated by two men hidden from view, the 
automatic mechanism not being ready. 

It was noticeable that the sound-amplification system had 
been improved. 

After the announcement of donations and subscriptions to 
the Benevolent and Homes Funds, the welcome of new 
Corporate members and the presentation of premium 
certificates the retiring President called on Sir Willis Jackson 
to give his Inaugural Address and there was a moment of 
evident relief when Sir Willis after a hurried search found his 
spectacles. 

The new President is Director of Research and Education, 
Metropolitan-Vickers Electrical Co. Ltd., and an acknow- 
ledged authority in the educational sphere. Elected a Graduate 
member in 1929 he became an Associate Member in 1931 
and a Member in 1942. He started his service on the Council 
in 1939 and as a Vice-President in 1954. He was Chairman 
of the North-Western Centre Radio and Measurement Group 
in 1943-44 and of the Radio Section in 1946-47 and has 
served on all the principal committees of the Council. Like 
his predecessor he has served on the North-Western Centre 
Committee, being Vice-Chairman in 1945-46 and 1954-S5S. 
He has had 11 papers published in the Proceedings, six of them 
jointly. 

He presented a condensed version of his full Address on the 
making of professional engineers which was listened to with 
deep concentration by those present. When he attempted a 
broad generalization on the distinction between diploma and 
degree courses (particular to general: general to particular) he 
was quick to interpolate ‘whatever this may mean’. One 
noticed too the ease with which he related his theme to the 
world setting, for example in his reference to the European 
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Free Trade Area negotiations and their effect on the duplica- 
tion of research and development effort. He paid his own 
personal tribute to Mr. Goldup at the end of his Address and 
sat down at 6.40 p.m. 


Votes of thanks 


Sir Harold Bishop proposed a vote of thanks to Sir Willis. 
He praised the erudition of the Address and its economy of 
word and phrase. He did not like the term ‘professional 
engineer’ and preferred the word ‘chartered’. 

He had a novel solution for the problem of the older man in 
keeping himself up to date. A bright member should invent an 
electrical brain machine which would get rid of all the useless 
information collected in a lifetime and provide living space in 
the brain for up-to-date knowledge. 

He moved ‘That the best thanks of The Institution be 
accorded to Sir Willis Jackson for his interesting and instructive 
Presidential Address, and that with his permission the Address 
be printed in the Proceedings of The Institution.’ 

Mr. O. W. Humphreys, seconding, referred to the Address 
as a conducted tour through difficult country by a brilliant 
guide. He would have liked to linger at one or two places and 
talk to the people concerned: to suggest to a group of school- 
masters and dons that their job was to develop understanding 
rather than burden memory; to those discussing professional 
training that the kind of training appropriate for one man 
might not be best suited to another; and to those responsible 
for the utilization of engineers that collaborative research was 
the key to the problem. 





Mr. Goodall then inducted Sir Willis to the Presidential 
Chair. The new President further revealed the depth of his 
thought and feeling on the topic of education in a short 
postscript to his Address. He did not know all the answers but 
the problems would not be solved so long as they were 
approached on the basis of a set of watertight compartments. 
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Co-operation between schools, universities, technical colleges 
and industry was necessary and if his Address caused people 
to think about that he would be more than satisfied. He also 
had some words of appreciation for Mrs. Goldup which were 
sympathetically supported by the audience. 

Sir Gordon Radley moved ‘That the best thanks of The 
Institution be accorded to Mr. S. E. Goodall for the very able 
manner in which he has filled the office of President during 
the past year’. Mr. Goodall’s year had been marked by no 
fewer than five conventions including that on transistors— 
never did so many people say so much about so small an item. 
In addition there had been the recent trip with the Secretary 
to South Africa to take part in the jubilee celebrations of the 
South African Institute of Electrical Engineers. He had 
carried the cares of The Institution in what had not been an 
easy year, at a time when many of his colleagues had been, as 
it were, taking the Institution building to pieces around him. 

Mrs. Goodall had performed most efficiently the duties of a 
President’s wife and in doing so had helped immensely to 
convey to members everywhere the thought that The Institu- 
tion was rather more than a mere machine for producing 
papers and technical discussions. 


Mr. Goodall had carried out his duties as they should be 
carried out. He had given his time, his thought and his energig 
and they thanked him for it. 

Sir Hamish MacLaren in seconding the motion mentioned 
Mr. Goodall’s remarkable gift for chairmanship. In his grasp 
of opinions and his ability to sum up he was quite without an 
equal. 

All had been proud of the way Mr. and Mrs. Goodall had 
filled the roles of chief guests at the Summer Meeting at 
Harrogate. 


Mr. Goodall, after receiving the Certificate of Presidency 
from Sir Willis Jackson, referred in his reply to his visit with 
the Secretary to Uganda, Kenya, Rhodesia and South Africa 
in August and September 1959. It had been a great privilege 
to present the new seal to the South African Institute of 
Electrical Engineers on behalf of The Institution. 

He paid a particular tribute to Mr. Brasher and the staff 
for all that they had done during his year of office in the very 
difficult conditions of noise and inconvenience arising from 
the reconstruction at Savoy Place. 


The President then closed the meeting. 





imported electrical apparatus 


ENDoRS and users of imported domestic electrical appara- 

tus, photographic and projection equipment, tape 
recorders, etc. have been warned by The Institution of the 
risks which may ensue if the colour coding of the cores of the 
flexible cord with which such apparatus is furnished differs 
from the established British coding set out in The Institution’s 
Regulations for the Electrical Equipment of Buildings, i.e. : 


green—earth connection 
red—phase (live) connection 
black—neutral connection. 


Very often the flexible cord provided with such apparatus 
has a core coloured red which serves as its earth connection; 
and if the user, following established British practice, connects 
this to the terminal of a British connecting plug which may 
itself be marked red and inserts the plug into a normal 
British socket any exposed metal parts of the imported appara- 
tus connected to the red cores will be charged at mains voltage. 

The Home Office Central Advisory Committee on Safety 
in the Home has already brought this risk to the notice of 
importers and wholesalers; the purpose of The Institution’s 
warning was to advise vendors and users so that they can 
inquire as to the nature of the flexible cord provided with 
apparatus in which they are interested. 


SOVIET PATENTS 


HE Comptroller-General of Patents has made a preli- 

minary statement on the findings of the United Kingdom 
delegation to the Soviet Union regarding the protection of 
British inventions. He suggests that British owners of worth- 
while inventions who contemplate trading with the Soviet 
Union would have little to lose and possibly much to gain 
by protecting their ideas in that country. 


Before a Soviet patent is granted the invention must be 
described in a specification and a search is made through 
Soviet and foreign patents and technical literature to ensure 
that the invention is new. Further, it must also have actual 
or potential ‘industrial utility’. (This is not included in the 
U.K. test, the only stipulation for a British patent being that 
the invention is not ‘obvious’.) If the invention passes these 
tests a patent is granted and provided that renewal fees are 
paid each year it lasts for 15 years from the date of application. 

The All-Union Chamber of Commerce in Moscow acts as 
intermediary between the foreign owner of an invention and 
the Committee on Inventions and Discoveries under the 
Council of Ministers of the U.S.S.R. 

A full report and translation of the new Soviet patent law 
(April 1959) are to be issued later. 


Transpacific cable 


HE first transpacific cable, the second stage in the scheme 

to link the whole of the Commonwealth by telephone, is 
now beginning to take shape little more than a year after the 
Commonwealth Finance Ministers agreed in principle to the 
construction of a round-the-world cable providing for tele- 
phony, telegraphy, telex and picture telegraphy. Only a few 
weeks ago representatives of Australia, Canada, New Zealand 
and the United Kingdom met at Sydney to reach a positive 
decision. 

The Postmaster General announcing this said that he 
certainly hoped that this Pacific link would anticipate the 
centenary in 1966 of the first successful transatlantic telegraph 
cable. 

The cable will involve between Vancouver and Sydney more 
than 7000 miles of submarine cable and more than 300 
repeaters containing nearly 2000 valves and about 100000 
other electronic components. 
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Some impressions of electrical measurements in the U.S.S.R. 


HE primary purposes of my two visits to the Soviet 

Union were to attend the tenth general assembly of the 
International Astronomical Union in 1958 and the conference 
of the A. S. Popov Scientific and Technical Association in 
Moscow in 1959; but on both occasions opportunities were 
provided for visiting a few laboratories and discussing 
problems of mutual interest with their scientists. 

The visits were undertaken with some misgivings because 
the final arrangements were made by rather cryptic telegrams 
but these doubts were soon dispelled. From the moment of 
arrival I was a guest of the Academy of Sciences, and my hosts 
could not have been more generous or considerate. The most 
lasting impressions of the visits were perhaps the genuine 
friendliness of the scientists I met, accompanied by a keen 
desire for an interchange of information; and the similarity 
of outlook between institutions in the two countries which are 
engaged in the same kind of work but have had little direct 
contact in the past. 


Education 


The scientific work of the future depends largely on the 
education now being given to students and it seems logical 
to comment first on the vast and imposing science block of 
the University of Moscow newly built in a commanding 
position on Lenin Hills. The university was still in session 
during my second visit and although there is some encourage- 
ment for students to work in industry before taking the 
university course, their age, eagerness and lively spirits seemed 
to be little different from those in universities elsewhere. 
The dress was perhaps rather more formal than one usually 
finds these days. 

There were 2500 students in the physics faculty, this number 
being one-fifth of the applicants. The diploma course occupies 
54 years, the first 24 being devoted to studies of a general 
nature and the next 3 years to specialized studies ending with a 
research project. Part of the course is spent in a local research 
institute or in industry. 

The equipment was lavish in quantity and appeared to be 
first-rate in quality. The finish was perhaps inferior to ours 
but this might be a consequence of the different economy in 
which ‘selling points’ are less important. In the advanced 
laboratory there was simple equipment for demonstrating 
paramagnetic resonance, for studying and making radio 
valves, klystrons, magnetrons and photo-cathodes, and for 
experiments with plasmas. One would I think have great 
confidence in young physicists completing such a course with 
distinction. 


Scientific literature and exhibitions 

In the Soviet Union one feels that science is not so much 
something added to an existing culture as the very basis of that 
culture. Certainly much effort goes to the dissemination of new 
scientific ideas and technical developments. Popular treatises 
are prepared quickly and sold cheaply. For example a popular 
account of radio-frequency spectroscopy was displayed in 
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In 1958 and again in 1959 the author went to the Soviet Union 
to attend scientific conferences and while there took the 
opportunity of visiting a number of technical institutes and 
standardizing laboratories. His first impressions were reinforced 
during his second stay and in this account he emphasizes the 
high quality of the work and equipment and the friendliness of 
the scientists. Dr. Essen who is at the National Physical 
Laboratory was awarded the Popov Gold Medal at the Moscow 
conference of the A. S. Popov Scientific and Technical Associa- 
tion in June 1959. 


L. ESSEN, 0.B.E., D.SC., ASSOCIATE MEMBER 





bookshops, price 9d., and although clearly written it was not 
oversimplified or distorted. 

Scientific exhibitions also serve as an extension of formal 
education. The largest of these is probably the Moscow 
Industrial and Agricultural Exhibition which occupies a large 
permanent site and is kept up to date and is open during the 
summer. There are pavilions for each republic and also large 
general pavilions such as that devoted to engineering. The 
graphical wall displays, the exhibits, many of them working, 
and the demonstrations all seemed to be excellent, and I well 
remember the enthusiastic description of the duplicates of the 
Sputniks given with great good humour at the end of what 
must have been a very tiring day. An official visit to the wine- 
production pavilion was also memorable if of less scientific 
interest. 


Technical visits 

The institutes of special interest to me were those concerned 
with standards of measurements and, with a few others of 
similar interests, I visited the Leningrad Mendeleev Institute 
of Metrology (Director, Prof. Aroutjunov), the Moscow 
Institute of Metrology (Director, Mr. Kareline) and the 
Kruskova Institute for Physico-Technical and Radio Technical 
Measurements (Director, Mr. V. V. Loubentzov). 

The Leningrad Institute is responsible for national standards 
except those of time and frequency and for providing reference 
standards for other large standardizing institutes at Moscow, 
Kharkov, Kiev and Novosibirsk. The acting director, Mr. 
E. T. Tchernishev, placed unlimited time at our disposal and 
encouraged us to discuss our particular interests in as much 
detail as we wished. 

Similar hospitality was shown by Mr. Kareline at the 
Moscow Institute. It was interesting to notice the similarity 
in the equipment, the precision obtained, and the general 
approach to work of this nature between these laboratories 
and our own. At the Kruskova Institute a number of well 
engineered ammonia-maser frequency standards were under- 
going tests, and designs for a caesium standard were discussed. 


More original research now 
Two other laboratories in Moscow, the Institute of Radio- 
Engineering and Electronics of the Academy of Sciences 
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(Director, Dr. V. A. Kotelnikov) and the Lebedev Institute of 
Physics, covered a wider range of interest. At the former two 
masers are in regular use and preliminary experiments are 
being made with a caesium standard. Dr. Prokhorov outlined 
the work at the Lebedev Institute, and, if I may comment 
again on my own particular interests, experiments leading to 
the investigation of an ammonia maser using the 0-5 mm line 
represented a novel and ambitious project. 

There seemed to be a general feeling at these laboratories 
that the lag behind the West in many new techniques had now 
been made good and that the position had been reached where 
more original and interesting research could be undertaken. 

The Institute of High-Energy Particles at Dubna some 
200 miles from Moscow was reached by a drive along the 
Moscow-Volga canal which was very pleasant when Moscow 
had been left well behind. It was explained that any nation 
was free to send workers to the Institute and at present 12 
countries were taking part. The total staff is about 2700 
including 350 scientists, of whom 60% are from the Soviet 
Union. The cyclotron and synchrophasatron provide protons 
having energies of 680 and 10000MeV respectively. In the 
latter the particles are accelerated for 3min during which 
time they travel a distance equal to that of a return journey 
to the moon. 


Conference of the A. S. Popov Scientific and Technical 
Association 


The Association correlates the work over a very wide field 


of radio, and the annual conference is an important event, 
There were 18 foreign visitors, four from the United States, 
four from East Germany, two each from France, Hungary, 
Czechoslovakia and China, and one each from Romania 
and the United Kingdom. 

The conference was opened by the President, Prof. V. I, 
Siforov, who also presented a review paper on the theory of 
radio-link channels with the effects of changing parameters, 
Altogether six review papers were given in the large Hall of 
the University of Moscow but the technical papers were 
distributed over 15 sessions meeting concurrently. The scope 
of the conference can be judged by the titles of these sessions: 
Information theory, Antennae equipment, Semiconductor 
apparatus, Receiving equipment, Line communication, 
Television, Electronics, Radio measurements, General radio 
techniques, Transmitting installations, Scattered radio waves, 
Electron microscopes, Broadcasting electro-acoustics, Elec- 
tronic-computer techniques, and Ferrite installations. 

I attended only the Radio measurements session at which 
Mr. G. D. Bourdoun was a genial and competent chairman. 

Prof. Siforovy stressed the importance of international 
fellowship among scientists and would welcome opportunities 
for scientists from the Soviet Union to attend similar confer- 
ences in the United Kingdom. 

For my part I found these visits valuable and enjoyable 
and am grateful to the Academy of Sciences of the U.S.S.R. 
and the Director of the National Physical Laboratory for 
making them possible. 





Discussion meetings on the reliability and maintenance of digital-computer systems, managerial 


and engineering aspects 


A LIST of the sessions and of the titles of papers to be presented at the 
discussion meetings on the 20th and 21st January 1960 at Savoy 
Place is given below. Sessions 1-3 on the 20th January are being 
organized by the British Computer Society and sessions 4-6 on the 
21st January by the Measurement and Control Section of The 
Institution. The whole proceedings are under the aegis of the British 
Conference on Automation and Computation 


Session 1—Reliability of organizational procedures 

Operational logging and recording techniques used in Government 
automatic data-processing installations and provisional deductions 
from results so far obtained by J. H. H. Merriman, M.sc., and 
C. W. Mortby 

Management and organization problems by C. P. H. Marks 

Experience with organizational problems in a business computer 
installation by H. E. C. Nash 


Session 2—Improving reliability by programming strategy 

Checking in electronic computations by L. Fox, M.A., D.SCc., and 
J. S. Rollett, M.a., PH.D. 

Programming strategy for protection against computer and operator 
errors in business programmes using large files of data contained 

on magnetic tapes by P. M. Hunt, m.sc. 


Programming techniques for protection against computer and 
operator/user errors by B. R. Tozer, B.sc. 


Session 3—Maintenance and fault-diagnostic techniques 


Some ing factors of importance in relation to reliability of 
Government automatic data-processing systems by J. W. Freebody, 
WH.SC., B.SC.(ENG.), and K. M. Heron 
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Preventive-maintenance procedures on a computer by R. P. Gibson 
and E. H. Lenaerts 


Systematic detailed recording of circuit safety margins as an aid to 
computer maintenance by J. W. A. Richardson 


Session 4—Experience of system reliability 
Component reliability by G. W. A. Dummer, M.B.E. 


The relative importance of reliability and accuracy for different types 
of system by E. P. G. Wright and A. Y. Cooper 


Experience in the use of marginal-testing techniques in valve and 
transistor equipment by J. P. Bunt, M.a. 


Session 5—The influence of engineering design on reliability 


Some factors affecting reliability by A. A. Robinson, M.A., PH.D., 
and R. E. Hodgkinson 


The influence of computer design on reliability and maintenance by 
P. H. U. Maguire 


Statistics and electronic units by A. Kruithof, DIPL.-ING. 


Computer methods applied to the design of digital circuits for 
reliability by G. W. Monk, B.A., and N. E. Wiseman, M.S. 
B.SC.(ENG.) 


Session 6—Factors affecting the reliability of peripheral 
equipment 
Reliability of magnetic-tape systems by D. W. Willis, M.A. 


Some techniques used in improving the reliability of input and output 
equipment by C. C. Jones 


Factors affecting the reliability of peripheral equipment by F. W. 
Pearson 


JOURNAL I.E.E. 
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THE WORK OF THE COUNCIL OF THE INSTITUTION 


An account of the October, November and December 1959 meetings 


T the first meeting on the 9th October 1959 the retiring 

President, Mr. S. E. Goodall, referred to the death three 
days earlier of his immediate predecessor, Mr. T. E. Goldup, 
and the Council stood for a time in memory of one who had 
given such devoted service to The Institution. 

Mr. Goodall then introduced the incoming President, Sir 
Willis Jackson, and invited him to take the chair. On doing 
s0 Sir Willis paid tribute to the able manner in which Mr. 
Goodall had presided over the meetings of the Council during 
the past session and to his work on behalf of The Institution, 
and his vote of thanks was warmly endorsed. In his reply 
Mr. Goodall referred to his recent journey to East and South 
Africa to attend the Golden Jubilee Celebrations of the South 
African Institute of Electrical Engineers. The new members 
were then individually introduced to and welcomed by the 
President. 

The Council then confirmed the constitutions of the Council 
committees and sub-committees for the session, listed on p. 
678 of the November 1959 Journal. A vote of thanks was 
passed to the retiring members of Council, of Council 
committees and of special committees for their services 
during the last session. 


Membership matters 


At each meeting the Secretary reported deaths and resigna- 
tions notified since the last meeting, and the Council studied 
and approved in detail the recommendations of the Member- 
ship Committee for elections, transfers, reinstatements, etc. 
At the Council meeting on the 3rd December 1959 the Secre- 
tary reported that when these became effective the total 
membership of The Institution would be 45340, an increase 
of 1300 over the same time last year. 

Also at the December meeting the Council accepted a 
proposal from the General Purposes Committee that the 
regulations for Oversea Branches and Committees should be 
amended to permit the election of chairmen who are not 
British nationals but who are nationals of a member-country 
of the Commonwealth. In discussion it was suggested that 
this might be extended to cover the Council of The Institution 
but as this would involve an alteration in the Bye-laws the 
matter was referred to the Committee for consideration in 
due course. 


Financial affairs 

In October the Council decided to defer the application of 
the increased entrance and transfer fees until the 1st January 
1960, At the meeting on the Sth November 1959 it was reported 
that 7-31 °% of the membership were in arrear in payment of 
their subscriptions as compared with 7-74% in 1958. 

In December the Council noted that the estimates for 1960 
look forward to a surplus of £48000 on the year’s working, 
which provides a satisfactory beginning to the servicing of 
the bank loan for the reconstruction of the Institution 
building. In addition to the planned surplus from higher 
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The Institution has inherited by long tradition an unwritten 
policy that the Council’s work is not publicized and is only 
disclosed in Annual Reports, in the appointments and nomina- 
tions section of Announcements to members in the Journal, and 
in cases where the decisions are of immediate concern to the 
general body of members. The question of publishing in the 
Journal some account of the Council’s activities has been under 
consideration for some time but the form and method of 
preparation have not yet been determined. However, in order that 
the account of the present session’s work shall be complete, the 
Council have decided that in the meantime a brief description 
of their first meetings should appear in the Journal, and the 
publication of the following description has been authorized by 
the President. As it is a composite account of the meetings 
in October, November and December 1959 the matters dealt 
with have been grouped and do not appear in chronological 
order. 





subscriptions it is expected that there will be increased 
revenue from advertising in the Journal and Proceedings. The 
Council approved a modification of the rebuilding plan to 
secure an additional 850sq.ft of office accommodation and 
to effect certain improvements at a cost of approximately 
£2200 additional to the contract. The Finance Committee 
would have approved this addition themselves if their reserve 
within the budgeted amount had not fallen to a figure lower 
than that normally allowed for contingencies. The additional 
accommodation is required for Science Abstracts and in con- 
nection with certain plans for handling the publications of The 
Institution. The revenue which would eventually accrue from 
the provision of the new accommodation would in one 
full year exceed the capital cost of building the additional 
Offices. 


Local Centre business 

In November the Council approved the publication of 
consolidated Regulations applicable to all the four specialized 
Sections, including a new provision, made by the Council in 
June 1959, that representatives of local specialized Groups 
on Section Committees should have voting powers on tech- 
nical matters. 

In December the Council approved a recommendation of 
the Local Centres Committee that a Bedfordshire Sub-Centre 
should be formed. The Sub-Centre will cover a ‘white area’ 
on the map and will be attached to the East Midland Centre. 
It will include the whole of Bedfordshire, that part of 
Northamptonshire not within the area of any other Centre, 
and those parts of Buckinghamshire and Hertfordshire north 
of a line drawn east and west through Luton in Bedfordshire, 
together with Harpenden in Hertfordshire, but the mem- 
bers in St. Neots can opt to belong either to the new Sub- 
Centre or to the East Anglian Sub-Centre. 

The formation of a joint Electronics and Measurement 
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Group for the whole of the East Midland Centre, in addition 
to the present Cambridge Electronics and Communications 
Group, was also approved. The area at present covered by the 
Cambridge Group (Cambridgeshire and Newmarket) will 
remain reserved to them. 


Special Advisory Committee 

The constitution and terms of reference of the Special 
Advisory Committee were decided at the October meeting 
and published on p. 649 of the November 1959 Journal. It was 
agreed that the recommendations of the Committee should 
be received by the Council as and when the Committee 
decided in the course of the progress of their work rather than 
be left until the remainder of their task was completed. In 
November the Council heard that the Special Advisory 
Committee supported the introduction of a more detailed 
Council Bulletin for the information of local Centre Com- 
mittees and other elected officers of The Institution, and the 
Council welcomed this step. The Committee held four all-day 
meetings during the quarter. 


Other committees 

The General Purposes Committee reported in November 
on their review of the constitution of the Graduate and 
Student Section Activities Committee. Another recommen- 
dation approved was that The Institution’s Fund for 
Hungarian Refugee Students in Electrical Engineering 
(amounting to £463) should be administered henceforth by 
the Hungarian Student Resettlement Division of the World 
University Service who are in a better position to choose 


suitable recipients. The Council approved in December the 
action to be taken in three cases which had come before the 
Professional Conduct Panel of the General Purposes Com 
mittee. They also agreed that publications should be exchanged 
with two South American engineering societies. 

The Council in November gave their support to te 
Education and Training Committee’s proposal that The 
Institution should take part in the Instruments, Electronics 
and Automation Exhibition at Olympia in May 1960, 
stressing the Educational Advisory Service. ; 

Also in November the Council gave their authority to the | 
Examinations Committee to publish the revised Examination’ 
Regulations. Previously the Regulations had been issued free, d 
but in view of the number of bulk orders which are received | 
the Council decided that the new edition should be costed! 
and a suitable price charged where appropriate. 





Technical considerations 


In October the Council approved a draft reply by the Pane 
on Adequate Wiring for Electrical Installations in Buildings 
to a questionary circulated by the Ministry of Housing and 
Local Government’s Housing Standards Sub-Committee, 
An abridged version of the reply was published on p. 708 of 
the December 1959 Journal, In November the Council approved 
the publication of a draft Code of Practice on Earthing 
prepared by the West African Joint Group of the three 
British engineering institutions. This is based substantially 
on material which appeared in a corresponding British draft, 
In December they approved the promulgation of a new 
Model Form of General Conditions of Contract (see p. 40), 





CORRESPONDENCE 


CIRCUIT TRENDS IN DOMESTIC SOUND AND 
BROADCAST RECEIVERS 


I WOULD like to comment on the following paragraph in 
Mr. F. A. Rodwell’s article in the October 1959 Journal, p. 569: 


‘The f.m. demodulator is invariably of the ratio-detector type 
which has good a.m.-rejection properties even at low input 
levels. To use a Foster-Seeley discriminator it would be 
necessary to make the costly addition of an i.f. pentode 
valve to drive the limiter in order to obtain a performance 
comparable with that of the ratio detector.’ 


This gives the impression that the ratio detector has a 
satisfactory performance in all circumstances whereas it has 
been my experience that the a.m. suppression ratio of a 
typical circuit is inadequate’ in conditions of multipath 
propagation. The residual amplitude modulation of the 
composite signal can give rise to serious distortion in condi- 
tions where a more effective type of limiter would give satis- 
factory results. Moreover since the a.m. suppression ratio of 
many practical ratio detectors decreases when the receiver is 
off-tune the tuning to minimize such distortion may be very 
critical. 
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I referred to these deficiencies of the ratio detector at a 
meeting of The Institution held in 1956! and subsequent 
experience has not led me to change my opinion. 

It is possible to design a Foster-Seeley discriminator 
preceded by a limiter stage to overcome these difficulties; but 
as Mr. Rodwell says this has hitherto involved the expense of 
an additional i.f. stage to drive the limiter. However a simple 
modification of the circuit makes it possible to limit effectively 
in the anode circuit of the valve supplying the discriminator? 
A practical receiver embodying this circuit has been described’ 
demonstrating that there is no need for an additional valve 
stage; moreover the a.m. suppression ratio is adequate in all 
circumstances. 

H. PAGE, M.SC, MEMBER 


B.B.C. Research Department 
Kingswood Warren 
18th November 1959 Tadworth, Surrey 


1. Hayes, E. W., and Pace, H.: ‘The B.B.C. sound-broadcasting service 
on very high frequencies’, Proceedings I.E.E., Paper No. 2258R, 
November 1956 (104 B, p. 213) 

2. HEAD, J. W.,and Mayo, C. G.: ‘Combined limiter and discriminator’, 
Electronic and Radio Engineer, March 1958, p. 85 

3. SPENCER, J. G.: ‘F.M. receiver using new dynamic limiter’, Wireless 
World, November 1959, p. 492 
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PERFORMANCES OF ELECTRIC 
LOCOMOTIVES OF THE FRENCH 
NATIONAL RAILWAYS 


REGARDING the article by F. Nouvion in the November 


1959 Journal (p. 625) it is a little difficult to understand why 
) the BB locomotive during the super-high-speed tests absorbed 
| 9400kW at the pantograph while the heavier CC locomotive 


pulling the same three coaches at the same speed absorbed 
only 8200kW. I would have thought that the BB locomotive 


' would have absorbed less power than the CC. I would be 


grateful if M. Nouvion would give the reason for the extra 
power required by the BB locomotive. 

It looks as though before the high-speed tests the engineers’ 
reasoning was as follows: The total train weight with the CC 
locomotive will be about 8% higher and, owing to the com- 
pensating windings and the bigger field-divert resistors, motor 
losses on the CC locomotive will be greater; hence the heavier 
cycle tests for the CC motors as shown in M. Nouvion’s 
Table. However the figures given by the author show that 
they were wrong; I find it puzzling. 

One cannot have the best of all possible worlds of course 
but there is no doubt that the half-voltage motors on the CC 
locomotives with their compensating windings and remarkable 
degree of field weakening provide a very large speed range 
over which high outputs are possible. This feature certainly 
enables the 80m.p.h. schedule speed to be maintained between 
Paris and Lyon. 

One begins to obtain a glimmering of the working that 
went on in the minds of the French engineers and in the mind 
of M. Nouvion in particular. 

Could this wide range be obtained on a smaller locomotive? 
For this application adhesion problems were not going to be 
acute especially as the French engineers knew what to avoid 
to obtain a high adhesion figure. I am sure that they must 
have realized as I did many years ago that engines to give the 
performance of their quite remarkable d.c. locomotives could 
not be made lighter in weight using the d.c. system. 

While M. Nouvion’s article is largely concerned with their 
super-high-speed tests between Lamothe and Morcenx a lot 
of his reasoning applies to the everyday running of high-speed 
trains. He says ‘The most important thing was to select the 
gear ratio so that the full power of the motors could be 
utilized at maximum speed.’ Also ‘With these locomotives the 
continuous power can be developed only within a very closely 
defined speed range’ etc. It must have been apparent that by 
using a traction system whereby any voltage can be chosen 
and varied at will the equivalent of half-voltage or even 
quarter-voltage would be obtained. Further thinking and 
examination would show that with a variable voltage exten- 
sive field-weakening and compensating windings can be 
eliminated and finally that there is no need for six or even 
four motors. 

When one realizes that the 50c/s a.c. network does give 
these conditions (plus other advantages always known about) 
the French reason for changing to this system is clearer. I had 
thought that my rantings and ravings over the years had 
influenced them but perhaps I was wrong. It has undoubtedly 
been their craving for the superlative (like their Facel Vega car). 

It is reasonably true to say that traction-motor torque is 
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proportional to the product of armature and field ampere- 
turns. If therefore high outputs are obtained by extensive 
field weakening, then to get the large torque at high speed a 
greatly increased armature current is required. It has been my 
experience that heating of the armature is more troublesome 
than field-coil heating which explains why such physically 
large motors have been required. There is practically no limit 
to motor field-coil temperature—certainly 120°C rise in service 
would present no problems; but 120°C rise on the armature 
would cause difficulty with the commutator-riser connections 
and bands if used, although gap design could reduce trouble 
with the latter. 

What a startling performance the new BB16500 series 
locomotives have! Weighing 65 tons their normal duty is to 
haul 1279 tons up gradients of 1 in 100. It is quite safe to say 
that only 10 years ago for a similar duty in this country the 
locomotive would have weighed 130 tons. What possibilities 
the 50c/s system holds out! 

There is a criticism I would like to make concerning the 
voltage of the overhead contact wire. I should have thought 
that for the lines at any rate in this country which are being 
electrified about 10000 volts would have been high enough. 
This would have eliminated the dual-voltage arrangement on 
the locomotives and for some applications the main trans- 
former also. 

H. CHARNLEY, ASSOCIATE MEMBER 
Brook House 
Clayton le Woods 


Ist December 1959 nr. Chorley, Lancashire 


‘EQUIPOTENTIAL’ LINES AND GERMANIUM 
I WAS much interested in the striking interferogram on the 
cover of the October 1959 Journal. 

The curves are surprisingly similar to some I have studied 
recently, namely ‘equipotential’ curves expressed by the 
equation: 








V(x — x? + — yp)? + V& — x? + & — 2)? + 
V(x —x,? + —y3"% =K 


where (x;, ¥;), (%2, ¥2), (x3, ¥3) are the vertices of a triangle 
and K is the sum of the distances of a point (x, y) to the three 
vertices. 

As was shown, I believe by Bernouilli, there is a minimum 
value for K corresponding to a point (x, y) such that the 
three sides of the triangle each subtend 120°. 

In the special case of an equilateral triangle the point 
(x, y) lies of course at the centre of the triangle. Successive 
values of K give closed ‘concentric’ curves almost identical 
in shape to those-shown in the interferogram: in particular 
the curves are very much closer together outside the triangle 
than inside. 

I wonder if there can be any connection between contour 
lines of etch pits in germanium and the above ‘equipotential’ 
lines ? 





E. JANMOULLE, B.sc., GRADUATE 


2 rue Ernotte 
Watermael, Belgium 
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16th November 1959 





The Mullard Radio Astronomy Observatory ........ 


have revealed a large number of sources, most of which 
have angular diameters less than 5’ of arc and which 
appear to be distributed isotropically. A number of 
more extended sources with angular diameters betweer 
15’ and 90’ of arc have also been detected and these a 
mainly confined to areas near the Milky Way. 


Radio astronomy at Cambridge University has been 
extended by the establishment of a new observatory at 
which two large radio telescopes are already in use—one 
for the study of ‘radio stars’ and the other for low-frequency 
observations of the Milky Way. Both instruments use a 
new technique of ‘aperture synthesis’ to enhance the 
resolving power, and the system and its application are 
described in this article which also discusses some of the 
main projects in the present programme at the observatory. 

Prof. Ryle holds the Chair of Radio Astronomy at 
Cambridge University. 


Prof. M. RYLE, M.A., F.R.S., ASSOCIATE MEMBER 





ae 1946 radio astronomy has formed part of the 
programme of the Cavendish Laboratory, and an 
extensive field laboratory has been built up on the 
outskirts of Cambridge. The lease for this land was due 
to expire at the end of 1959 and plans were therefore 
made during 1955 for the establishment of a new obser- 
vatory at which the work might be continued and 
extended. 

A search was made for a site large enough to accommo- 
date more powerful instruments than could be built on 
the original site and more remote from sources of man- 
made interference. Eventually a disused R.A.F. station 
at Lord’s Bridge 5 miles SW. of Cambridge was chosen, 
an area of level ground some 180 acres in extent. 

The preliminary survey of the site was made during 
June 1956 and excavation work for the largest instrument 
was started soon after. The construction of the main 
laboratory building and the foundations for the aerial 
were completed early in 1957 and observations with some 
of the smaller instruments began in May 1957. The large 
instrument was brought into regular use in August 1958. 


The astronomical programme 


The work at the original site was concerned with three 
main astronomical problems, and the present programme 
represents an extension of all of these: 


(a) Study of the solar atmosphere (i) by observing its 
radio-emission at a number of different wavelengths and 
(ii) by observing a radio star through the solar atmosphere. 
The scattering to which the radio waves are subjected 
represents an extremely sensitive method which makes 
possible a study of the solar atmosphere to distances of 
more than 15000000km from the surface of the sun, or 
about one-third the radius of the orbit of Mercury 

(b) Study of the radio-emission from the galaxy, in 
particular the spectral distribution of the emission from 
different regions, and the investigation of the ‘halo’ 
surrounding the star system which contributes most of 
the total emission at metre wavelengths 

(c) Study of the so-called radio stars. Previous surveys 


14 


The nature of these sources presents one of the most 
intriguing problems in present-day astronomy. Intensi 
search with optical telescopes for sources whose positions 
are known accurately has led to the identification of 25 
with optically visible objects. Eight are situated within 
our own galaxy, three are clouds of gas which represent 
the remains of super-nova explosions, and other more 
diffuse gaseous clouds are probably the remains of much 
earlier super-novae which occurred perhaps 100000 
years ago. 

Besides these sources within the galaxy 12 have been 
related to nearby extragalactic nebulae whose radio 
emission is roughly the same as that from our own 
galaxy. In addition however five radio sources were 
found to correspond to very much more distant 
galaxies, notably that in the constellation of Cygnus 
which is at a distance of 500 million light-years and whose 
emission is some million times greater. 

Although the optical observations have revealed the 
nature of only a very small fraction of the known sources 
it seems likely from an analysis of all the radio observa- 
tions that most are powerful and distant extragalactic 
sources. If measurement with more powerful instruments 
shows this is so, then radio observations offer the most 
hopeful method of distinguishing between different 
cosmological models. 

The relatively small variation of the radio-emission 
with wavelength implies that if sources of sufficient 
power exist they should be detectable at very much 
greater distances than is possible optically; because of the 
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1 Obtaining the resolution of a large aperture by using two 
small movable aerial elements 
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time taken for the radiation to reach us we would in 
this way have a picture of the universe at a much earlier 
time. 

Because of the importance of the whole problem of the 
nature of radio stars and their possible implications in 


pdistinguishing between different cosmological models 


the main instrument planned for the Mullard Observatory 
was intended for the further study of these sources. 


Astronomical problems in the design of the radio-star 
interferometer 

The new radio-star instrument was designed for three 
main purposes: 


(1) To provide more reliable observations of fainter 
sources so that further information could be obtained on 
both their angular distribution and their apparent 
distribution in depth. Such an investigation requires an 
instrument having greater resolving power and sensitivity 
than any of the existing ones. 

(2) To obtain good measurements of the angular dia- 
meters of a sufficiently large sample of the sources studied 
so that the selection effects associated with any method 
of observation could be explored and corrections made. 
(3) Better positional accuracy has now become essential 
if further work on optical identifications is to be worth 
while, and an interferometric system is desirable. In 
nearly all accurate surveys the determination of declina- 
tion has been worse than that of right ascension and the 
identification problem depends mainly on obtaining 
better accuracy in declination. Since it is now clear that 
only a small fraction of sources is likely to be identified 
it has become important to obtain positions of high 
accuracy on a large number of sources; accurate observa- 
tions are therefore necessary on less-intense sources. 


Resolution and sensitivity 


To extend the range of observation of radio stars the 
system employed must have sufficient primary resolving 
power to separate adjacent sources and sufficient 
sensitivity to detect them reliably. From the results of 
previous surveys we can estimate the number of sources 
of different intensities which we are likely to encounter 
and hence establish the sensitivity necessary for a system 
of given resolving power. 

The problems of obtaining a large primary resolving 
power and adequate sensitivity are however largely 
contradictory; if a high frequency is used the resolution 
of an aerial of given physical size is increased, but since 
the emission from the sources varies roughly inversely 
as the frequency the power available from the aerial 
decreases. Above 200Mc/s the sensitivity is determined 
by the receiver noise, and the ratio of the signal from the 
source to the noise level* varies approximately as f ~?. 


* With the introduction of masers and parametric amplifiers the noise level will 
be determined by the general galactic background up to a higher frequency than 
with conventional receivers, and in the future surveys of radio stars may therefore 

more practicable at these higher frequencies. At present there remain a 
oumber of unsolved problems in the application of these devices to radio astronomy 
and it is not yet clear whether the residual level of man-made interference will ever 
Permit their full potential sensitivity to be realized 
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If instead we use a lower frequency we achieve a large 
signal/noise ratio but we are limited by the reduced 
resolution of our aerial—although the lower operating 
frequency may then allow mechanical tolerances and 
reflecting screen problems to be eased and thus make 
larger physical sizes feasible. 

This problem was considered earlier in the application 
of the ‘phase-switching’ interferometer to the study of 
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2 Arrangement of aerials for aperture synthesis 


a Pencil-beam system b An interferometer 
One aerial is moved along an east-west line and the 
other along a north-south line 











radio stars at long wavelengths; it was shown that if the 
two elements of such a system were built to have different 
reception patterns—such as one with high resolution in 
the north-south plane and the other with high resolution 
east—-west—the effective resolution of the system obtained 
by measuring the cross-product of the two aerial signals 
was considerably greater than that corresponding to the 
area of the aerials built. 

This method has been extensively developed by Mills 
in the construction of the large ‘cross’ aerial which 
provides the pencil beam of high resolution used in the 
Australian survey of sources, and in a later extension 
using crossed grating aerials. 


Aperture synthesis 


An alternative means of achieving a high resolving 
power is ‘aperture synthesis’ for which a small aerial is 
moved to occupy in turn all the positions of a much 
larger aperture; the records obtained are subsequently 
combined mathematically to give a resolving power 
equivalent to the use of a very large aerial. 

The operation is best illustrated by considering the 
formation of the reception pattern of a conventional 
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aerial (Fig. 1) which we can regard as being made up of 
a number of small elements in which e.m.f.’s v;, v2, etc. 
are excited by the incident wave. 

The output V from the whole aerial, obtained by 
combining the separate e.m.f.’s through equal cables as in 
an array or by arranging as in a paraboloid that they are 
transmitted through equal path differences to a common 
receiver, is given by: 


|V|? = [2e,][2e,]* 
= L|v,_|? + Z]e,||e%m| COS Pam 


where ¢,m is the phase difference between the e.m.f.’s 
in elements n and m and is zero for a wave incident along 
the axis of the aerial. 
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3 System adopted for the radio-star interferometer 





If now we are concerned with radiation from constant 
sources we can obtain precisely the same result by using 
two elementary aerials and arranging that they are moved 
to take up successively all the positions of the elements in 
the real aerial. &|v,|? is obtained by measuring the signal 
received by one of the elementary aerials; the cross- 
product |v,||%n| COS dam is obtained by using a phase- 
switching type of receiver. 

By adding the results of observations made with all 
possible combinations of the positions of the two 
elements we can reproduce exactly the receptivity of the 
complete aperture. If we introduce an additional phase 
shift into ¢,,, before summation, for example one which 
increases proportionally to the north-south separation of 
the elements, we can without further observation find 
the response of the complete aperture when directed to a 
different elevation. 

In practice if there is adequate sensitivity, as in the 
present problem, it is not necessary to use all the combi- 
nations of element positions because as may be seen from 
Fig. 1 many of them will repeat. Instead we can observe 
once only with each relative position of the elements 
and weight the observations in relation to the number of 
times that this arrangement occurs. In this case one 
aerial may be moved along an east-west line and the 
other along a north-south line as shown in Fig. 2a. 

A similar system may be used to build up an inter- 
ferometer of large primary resolving power (Fig. 2b). 
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We can of course simplify the analysis by using large 
aerials for our elements, and of great practical interest j 
the application of synthesis to provide only the north 
south resolving power, with a long narrow aerial running 
east-west for one half of the system. By using the earth’ 
rotation to provide scanning in one co-ordinate the aerial 
structure then requires rotation about the long axis only, 

Since each set of observations can be combined mathe. 
matically to give a number of different beam direction 
the total time for observing a given area of sky is abou 
the same as that of a conventional system of equal 
resolving power. 


Detailed requirements 


Previous surveys have provided reliable observation 
of 100-200 sources/steradian; for the Australian observa. 
tions the limit was set by sensitivity and for those mak 
at Cambridge by limited resolution. 

With the new instrument it was hoped to extend the 
number of reliably observed individual sources by a 
factor of 10 and at the same time to provide sufficiently 
good sensitivity to allow statistical information to k 
derived about sources at the level of about 10000 per 
steradian. It was therefore decided to adopt a primar 
reception pattern about 4° x 4°. Of the frequency band 
available for radio-astronomical work the only one 
which would conveniently allow sufficient resolution and 
sufficient sensitivity was .78 + 2 Mc/s, one of the unused 
television channels. 

At this frequency the effective size of each element of 
the interferometer must be 400000ft?, while to provides 
sufficient signal/noise ratio at the expected intensities it 
was necessary to plan for an equivalent ‘collecting area 
of about 100000ft? in each aerial if the rotation speed of 


a 





4 Fixed aerial of radio-star interferometer 
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the earth were to correspond to the most efficient scan- 
ning rate. The system adopted is shown in Fig. 3. 


Mechanical design 
For frequencies up to 200-300 Mc/s an entirely satis- 
factory reflecting surface may be made by stretched 


5 Moving aerial of radio-star 
interferometer 


wires, and from the experience of the first large inter- 
ferometer at Cambridge a cylindrical parabola made in 
this way has been shown to be an extremely economical 
method of constructing an aerial of given area. Unlike a 
paraboloid, in which the structure at every point in the 
surface must maintain its double curvature, a cylindrical 
parabola can be constructed by stretching wires across 
light parabolic frames whose spacing is determined by 
the permissible sag due to the weight and windage of the 
wires. 

In the present design the reflecting screen consists of 
22s.w.g. high-tensile galvanized-steel wires each having a 
tension of 4lb. A separation of 45ft between the frames 
can then be used. 


The fixed aerial 


The fixed aerial is 1450ft long and the width of the 
reflector is 65ft (Fig. 4); the focal length is 15ft. The 
34 parabolic frames are of welded steel tube and the 
elevation of each is controlled by a chain drive from 
a th.p. motor operating through a 100:1 reduction 
gear. 

In order to avoid the difficulties of lubricating roller 
chain, electrically welded hoist chain which was found 
to have a remarkably uniform pitch was used for the 
drive. The elevation can be altered at a rate of 20°/min 
and the synchronization between the different towers is 
better than 10’ of arc. 

The tension of the reflector wires and that of the dipole 
feed system are maintained by a concrete weight system 
which provides a 60001b load on the end parabolas and 
allows for the very considerable thermal expansion. 

The feed system consists of a collinear array of 256 
full-wave dipoles mounted below a narrow reflecting 
screen and fed in bays of eight from an open-wire line 
Tunning above this screen. The open-wire line is taken to 
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a balance-to-unbalance transformer mounted at the top 
of each mast, and the flexible coaxial lines from four 
bays are joined in the usual equal-path manner. The 
junction of the eight sets of four bays (each of which is 
of the same length as the moving aerial) is made by coaxial 
dividing transformers to provide the required graded 
excitation of the aperture. 





The moving aerial 

The moving aerial which is 190ft long is identical in 
construction to the fixed aerial except that it is mounted 
on six rails 1000ft long running north-south (Fig. 5). 
The rails were shimmed to an over-all accuracy within 
Zin. The 60001b horizontal load was taken by inclining 
the second rails from each end at the appropriate 
angle. 

The elevation is controlled in the same way as that of 
the fixed aerial, and a similar system is employed for 
synchronization of the north-south motion of the 
aerials. 

The driving speed is about 20ft/min and it therefore 
takes 2-3min to drive from one position to the next. 
Trailing cables are used for the 3-phase supply and for 
the coaxial radio-frequency feeder. 


Operation as an aperture-synthesis interferometer 


The telescope was brought into full use in August 
1958 and since then has been engaged in three main 
programmes. 

Three series of observations have now been completed 
using it as an aperture-synthesis interferometer; in each 
case 24h observations were made with each of 25 different 
positions of the moving aerial. In order to reduce the 
time spent transcribing the observational data (about 
200000 readings for each strip of sky) into a form 
suitable for handling by the automatic computer a 
system of automatic tape-punching has been developed 
in which the output of the receiver is converted to 
digital form and used to operate a teleprint punch 
continuously. 

The first of the areas of sky covered, 5 = 50° — 54°, 
has now been analysed with the help of the staff of the 
University Mathematical Laboratory using Edsac II. A 
section of the map obtained is shown in Fig. 6. 
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Positional measurements 


Two series of observations have been made of 64 of 
the brightest sources in order to obtain more accurate 
positions for them; this programme was intended partly 
to establish a series of reference sources for the detailed 
surveys made with the full aperture-synthesis method 
and partly to assist in the work of optical identification. 











The system is based on accurate measurement of the 
phase of the interference pattern obtained for a series of 
different positions of the moving aerial. From the change 
of phase associated with a given horizontal movement of 
the aerial the elevation and hence the declination of the 
source can be found; the mean phases of pairs of 
observations at equal distances from the central position 
give independent values for the right ascension. 

The accuracies obtained are considerably better than 
those of previous measurements (Fig. 7). 


Measurement of angular diameters 


A survey of the sky between 5 = +60° and +30° has 
been completed in which observations have been made 
of the angular extent of sources having fluxes at 178 Mc/s 
greater than 6 x 10-26M.K.S. units. This limit is some- 
what better than the limit of detection of the two main 
existing surveys. The observations were made using the 
system (a) as an interferometer with the moving aerial 
in its central position, (b) as an interferometer using the 
two halves of the fixed aerial, and (c) as a total-power 
instrument using the whole of the fixed aerial. 

By comparing the amplitudes of the records obtained 
in these ways good observations of the angular diameter 
are possible for sources in the range 1’-60’ of arc. 
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Survey of galactic emission at 38 Mc/s 


In addition to work on radio stars two other maip 
investigations are being made at the Mullard Observatory 
besides a number of smaller ones. 

One of the most important problems concerning the 
galactic radio emission requires a detailed knowledge of 
the spectral variation of the emission from different 
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parts of the galaxy. For the more extended features 
aerials of comparatively low resolving power can be used 
and a series of observations have been made in which 
identically scaled aerials have been used at frequencies of 
38 and 178 Mc/s. The aerial powers were calibrated against 
the thermal power available from a resistance at different 
temperatures. 

Other features of the galactic emission are limited in 
angular extent and must be observed with instruments 
of large resolving power. While observations with large 
paraboloids provide the best information at high fre- 
quencies much larger instruments are necessary at low 
frequencies if fine angular structure is not to be lost. 

An earlier instrument using aperture synthesis was 
constructed at Cambridge by Blythe and a new larger 
system is now in use at the Mullard Observatory. 

This consists of an east-west corner-reflector aerial 
3300ft long and 40ft across the aperture (Fig. 8); a 
smaller similar section 100ft long can be moved up to 
1700ft north from the centre of the fixed aerial thus 
building up a very large pencil-beam system. 

A preliminary survey using spacings up to 30A has now 
been completed in order to test the operation of the 
system and the problems of analysis; part of the map 
obtained is shown in Fig. 9. The resolution achieved in 
this survey would have required the use of a conventional 
aerial having an area of 25 acres. 


Investigation of the electron density and magnetic field 
in the interplanetary space 

It has been found that if a radio star is observed 
through the outer layers of the solar atmosphere the 
radio waves are scattered anisotropically. This is due to 
the presence of a very extensive solar atmosphere whose 
structure is irregular; the irregularities become elongated 





8 The 38 Me|s radio telescope for galactic observations 
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9 Part of map of the galactic emission at 38 Mc|s 


owing to the reduction of diffusion perpendicular to the 
general magnetic field of the sun. 

The study of radio-star scattering can be used to investi- 
gate the distribution of matter and also the orientation 
of the magnetic field at considerable distances from the 
sun. The results obtained by the use of three inter- 
ferometers of large resolution on different axes during 
June 1958 are shown in Fig. 10 from which it is clear 
that the direction of the lines of force at large distances 
from the sun do not correspond to a dipolar field; the 
observed distribution would be compatible with the 
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10 Determination of the orientation of the magnetic field in 
the region surrounding the sun 


theory that there is a continual outflow of matter from 
the solar surface. 


Summary 


As radio astronomy develops the need for larger and 
larger instruments becomes increasingly clear; for many 
problems it is already impracticable to use conventional 
types of construction while for others new methods have 
become essential if the cost of the instruments is to be 
kept at a reasonable level. At the Mullard Observatory 
the work has been planned round a number of specialized 
radio telescopes each designed for a particular field of 
investigation. The resulting simplification of the engi- 
neering problems allows large instruments to be built 
more economically than when a single instrument has to 
be designed for many different investigations. 


19 





Whither next? 


The Address of which this is a summary was delivered to members 
of the Supply Section by the Chairman, J. R. Mortlock, 
B.Sc.(Eng.), Ph.D., Member, on the 21st October 1959 at 
Savoy Place. Dr. Mortlock is with Associated Electrical 
Industries Ltd. 


B be consumption per capita of electricity is a measure 
of the relative progress of civilization. In advanced 
countries it doubles in about ten years and if the under- 
developed nations are to reduce the present gap their consump- 
tions will have to double in at most five years. Even with these 
rates of growth it would take 20 years to reach parity from an 
initial 4 : 1 ratio. It is now appreciated that it is a duty of the 
more advanced countries to help those less fortunate; and 
whatever form this help takes a widespread electrical network 
will be essential. 

In industrialized nations the per capita electrical consump- 
tion shows no signs of saturation and if to this is added the 
accelerated consumption of the underdeveloped countries 
the demand for electrical products should continue to increase. 
In their development the poorer nations must extend their 
industries, and the import market for the more easily manu- 
factured goods could decrease. Advances in design and 
manufacturing could result in the imported article being 
cheaper and/or better and therefore attractive. 

However these advances would have to be continuous and 
although guidance is given by the older generation the 
development of ideas and processes is mainly the function of 
the younger generation. The demand is for quality, and to a 
lesser degree quantity, in our scientists and engineers. 


Examples of progress 

Two among many of the more recent advances are of 
particular interest. The generation of electrical power from 
nuclear fission is too well known to consider in detail but the 
by-products of the researches entailed 


knowledge has been obtained by the greater use of analytica] 
facilities such as transient analysers and digital computers, 

A United States forecast is that in ten years there should 
be 50% more goods and services available if the level of living 
is to continue to rise steadily. This will have to be obtained 
with an increase in the labour force of not more than 10% 
To meet this it will be necessary to increase productivity by 
about 3% per year. This will entail a material increase in 
automation, and as electronics in some form enters into the 
primary control of most automatic devices there should bea 
steady growth in its application. 


Time for original thought 


The professional engineer of the future should have more 
time for basic and original thinking as the use of analogue 
devices, simulators and digital computers will expand. The 
over-all performance of a system, as distinct from the perfor. 
mance in idealized conditions of its components, will receive 
increasing attention. The scholastic field will need some 
reorientation, with the stress on synthesis. Familiarity with 
basic physics and mathematics will be necessary. 

The boundaries of science continue to expand and to the 
specialist in particular there is a great temptation to concen- 
trate in a narrow field and disregard non-technical subjects, 
to the detriment of the individual and the community. Uni- 
versities are considering the introduction of history or 
economics etc. to counter this. Equally the ‘humanities’ might 
consider the introduction of, possibly, physics. 


A deeper attraction 

The expansion in engineering-training facilities is a short- 
term policy as it cannot continue indefinitely and stress will 
have to be placed on quality recruitment and better deploy- 
ment of the available manpower. The obvious attraction toa 
particular employment is financial. Strangely a study of taxa- 





in achieving this have been of inestim- 
able benefit to mankind in the medical 
field. They have provided a robust 
source for the examination of steels 
inches thick. Irradiation of cereals can 
help materially in food conservation. 
This is a good example of a wide range 
of application arising from researches 





ADDRESSES OF THE SECTION CHAIRMEN 


On this page and the next we present summaries of the Addresses given by the Chairmen of 
the Supply and the Utilization Sections at the opening of the current session. A longer 
version of each of these two Addresses will be published in the February (Part A) 1960 
issue of the Proceedings. Articles based on the Addresses of the Chairmen of the Measure- 
ment and Control and the Electronics and Communications Sections will appear in future 
issues of the Journal. 





in a particular field. 

The transistor was discovered as a laboratory phenomenon 
in 1948 since when progress has been remarkable. Now 11 
years later single units rated at 100 watts are available and 
variants used as switching devices can control 5kW. It is 
pertinent to inquire whether the rate of progress will be main- 
tained and, if so, whether the mercury-arc rectifier will be 
superseded except perhaps for e.h.v. uses. 

A few years ago 400kV was considered as a probable 
ceiling to transmission voltages but schemes at 600-700kV 
are now being planned. A better understanding of switching 
phenomena has been a major factor in this advance. This 
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tion returns shows that in the professions the initial remunera- 
tion is higher than the average but that with advancement 
(not in age alone) non-professional occupations are more 
gainful. In countries where the political tenets are different this 
does not hold. With our way of life there would appear to be 
a deeper attraction than just financial. To quote Faraday: 


‘The mental education afforded by science is rendered supet- 
eminent in dignity, in practical application and utility; for, 
by enabling the mind to apply the natural power through law, 
it conveys the gifts of God to mankind.’ 
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This is a summary of the Address delivered to members of 
the Utilization Section by the Chairman, T. E. Houghton, 
M.Eng., Member, on the 15th October 1959 at Savoy Place. 
Mr. Houghton was formerly with Imperial Chemical 
Industries Ltd. 


LECTRICITY has long been extensively used in the chemical 

industry, and the annual consumption which was about 
50 million kWh in 1900 is now running at more than 10000 
million kWh. Of this total some 31% is privately generated 
as compared with 75 % before, and 33 % at the end of, the last 
war but the supply from this source is increasing owing to the 
commissioning of several fairly large combined process- 
steam-electric stations. 

Although reasonably cheap, abundant and reliable supplies 
of electricity are nowadays available from the public systems 
the case for private generation should nevertheless always be 
investigated and especially when process steam is required as 
well, for with the prevailing high cost of fuel a combined 
station can generally be justified in these conditions. 

It is also most desirable that where the conditions are 
favourable the manufacturer and the public supply authority 
should collaborate in the provision of combined supplies of 
steam and electricity. 


Converting plant for electrolytic service 


Electrolytic processes usually require large and reliable d.c. 
supplies, and the equipment to provide them has to work 
continuously, 24h a day, for as long as possible. The problem 
of the type of converting or rectifying plant to use for this 
service has been the subject of much investigation and, in 
order of development, motor-generators, rotary convertors, 
motor-convertors, mercury-arc rectifiers and more recently 
contact and semiconductor rectifiers have all been employed 
with varying degrees of success. 

For about 250 volts the two-bearing single-commutator 
motor-convertor has given excellent service, the largest 
machines in use being rated at 15-16kA at 250-300 volts or 
4500kW maximum. Abroad the mercury-arc rectifier has been 
favoured, though in most cases the voltage is in the range of 
600-750. There is in fact no case for the use of the mercury- 
are rectifier at voltages much below 700. 

At lower voltages the contact rectifier has been employed 
with advantage and a recent installation having a total 
capacity of 40500kW in ten equipments, each delivering 15kA 
at 220-270 volts, is giving excellent service with high availa- 
bility, the efficiency being 97°%. More recently semiconductor 
rectifiers working at similar voltages have come into use and 
as this type has a high efficiency (96:8%), high availability 
and no moving parts it is likely to be the preferred one in 
future. 


Electrothermal processes 

Since 1939 several large 3-phase arc furnaces have been 
erected for the manufacture of calcium carbide, the most 
recent having a capacity of 39 MVA in three 13 MVA single- 
phase 33k V/155-256 volt OFW transformers. The secondary 
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current is 57kA at 230 volts, which corresponds to an electrode 
current of 100kA, and the connections to carry such large 
alternating currents had to be carefully designed and con- 
structed in order to keep down the reactance and losses, but 
in spite of this the power factor is low at 0-85-0-88 and 
capacitors may be installed to improve it. A 33kV oil circuit- 
breaker is employed to control the supply to the furnace as 
experience has shown this type to be more suitable for the 
duty than the air-blast type. 


Factory distribution 

There are so many continuous processes in most chemical 
works for which a power failure would be a serious matter 
that m.v. substation arrangements must be such as to ensure, 
as far as practicable, freedom from interruption; and by using 
groups of two 1 MVA transformers in parallel together with a 
spare one of the same capacity this requirement can be more 
or less met without the m.v. short-circuit conditions exceeding 
the limiting value of 30 MVA at 440 volts for m.v. switchgear. 

In large electrolytic plants the design and construction of 
the heavy d.c. busbars required call for special attention. The 
economic current density for these systems is fairly steady at 
about 670amp/in.? which is low enough to make expansion 
joints unnecessary. Full-face lap joints are used as these are 
more efficient than the fish-plate type. 

Accurate measurement of the heavy currents in these big 
d.c. systems is not a simple matter and a special design of 
shunt has been evolved for the purpose. Used with a precision 
thread recorder the over-all accuracy is within +0-33% 
and the shunt loss is 350 watts at SOkA. 


Flameproof installations 


A very onerous duty is placed on the electrical engineer 
responsible for the design, construction and maintenance of 
flameproof installations, especially when there is no certifi- 
cated apparatus available for the particular conditions in 
which the equipment has to work. Moreover although these 
installations may be quite safe when they are put into service 
it does not follow that they will remain so for long, especially 
when corrosive atmospheres are present. A heavy responsi- 
bility therefore devolves on all concerned to see that such 
plants are regularly and meticulously inspected and main- 
tained. 


Staffing 


For the successful control of such activities there should 
be a self-contained department managed by a well trained 
and experienced electrical engineer who should generally be 
responsible to a director. The majority of the technical staff 
should preferably be engineering graduates, although men 
with good Higher National Certificates should not be over- 
looked, and there should be a graduate-apprentice training 
scheme to provide a flow of suitably trained engineers for this 
interesting work in which there is wide scope and plenty of 
opportunity for good and enthusiastic young electrical 
engineers. 
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A review of the Proceedings, Parts A and B 








Frequency variation of quartz oscillators 


A brief account* based on a Measurement and Control Section 
paper (3002) entitled ‘Frequency variations of quartz oscillators 
and the earth’s rotation in terms of the N.P.L. caesium standard, 
by L. Essen, O.B.E., D.Sc., Ph.D., Associate Member, J. V. L. 
Parry, M.Sc., and J. McA. Steele, B.Sc Eng.). The paper was 
published individually in August 1959 and will be republished 
in Part B of the Proceedings. It was read at a joint meeting of 
the Measurement and Control and Electronics and Communica- 
tions Sections on the Ist December 1959 at Savoy Place (see 
p. 65). The authors are at the National Physical Laboratory. 


AESIUM atomic standards have been in use for over four 

years and have already brought a great improvement in 
the accuracy with which frequency and time-interval can be 
determined. The accepted unit of time-interval is still defined 
in terms of astronomical measurement, being a fraction of the 
year, but in practice this unit can be made currently available 
only by means of the atomic standard, and if accuracies 
exceeding +2 parts in 10° are required an atomic unit must 
be used. 

Since 1955 the frequencies of the MSF service of standard- 
frequency transmissions and of the carrier wave of the GBR 
(16kc/s) transmitter have been given in terms of the caesium 
resonant frequency, and an atomic unit has thus been made 
available over a wide area. A system of atomic time was 
introduced in the time-signal bulletins of the U.S. Naval 
Observatory in January 1959. 


Continuing use of quartz clocks 


In spite of the introduction of atomic standards quartz 
clocks continue to play an important part in time-keeping. 
Where, as at the National Physical Laboratory, the atomic 
standard is used as a passive resonator the quartz clock 
remains the working standard, being calibrated in terms of 
atomic instead of astronomical observations. The future will 
bring an increased use of atomic standards together with 
simpler forms which may serve as working standards; but 
because of their relative simplicity and cheapness quartz 
clocks will still be widely used although there may be a 
different emphasis on their required characteristics. 

An astronomical unit whether based on the day or the year 
is obtained by averaging the results of observations extending 
over a long period and it is essential that the quartz clocks 
should preserve the same rate or at least a uniformly varying 
rate for a period of at least two years. The atomic standard 
on the other hand gives the unit immediately from a servo- 
controlled quartz oscillator or calibrates the quartz working 
standards in a few minutes; laboratories not having their own 


* This article and those following are based on, and written by the authors of, 
current Institution papers. The authors have been asked to make these articles so 
far as possible interesting and of appeal to electrical engineers who have no 
specialized knowledge of the subjects, and the content of the articles is not 
necessarily confined to the subject-matter of the origina! papers 
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atomic standards can use standard-frequency transmissions 
whenever a calibration of their local standards is required, 

Long-term stability of quartz oscillators thus becomes less 
important. The short-term frequency stability, i.e. the stability 
during intervals of seconds and extending over a few days, 
may need to be improved if the full potential accuracy of the 
atomic standards is to be realized. 


Performances of quartz clocks 


The atomic standard has for the first time enabled the 
performance of quartz oscillators to be critically examined, 
Clocks at present in use sometimes operate for a few hours 
with a stability within +3 parts in 10"! but at other times 
variations of several parts in 10!'° are obtained. The long-term 
drifts of about +2 parts in 10° per month are in fact the average 
result of drifts which vary over a range of several parts in 10° 
persisting for varying intervals of time. The causes of these 
variations have not yet been determined but a systematic 
study with the help of atomic standards should make this 
possible. 

The results for four groups of ring-type quartz oscillators 
maintained respectively at the National Physical Laboratory, 
the Post Office Research Station, the Royal Greenwich 
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Observatory and the U.S. Naval Observatory, Washington, 
are given in Fig. 1, the appropriate linear drift having been 
removed from each oscillator. 

The effects of disturbances in the driving conditions of the 
N.P.L. clocks during 1955 and 1958 are quite marked, the 
deterioration of performance continuing for some time after 
the disturbances. No explanation can be offered for the changes 
in drift rate which occurred with all the N.P.L. and Post 
Office oscillators at the end of 1958. The lowest curve in 
Fig. 1 gives the variation in the frequency of rotation of the 
earth after certain periodic terms have been removed. These 
terms are removed to provide as uniform a time-scale as 





possible, one known as the system of Universal Time 2 
(U.T.2), and the curve thus represents the variations of the 
inverse of the unit of this system. Rather sudden changes 
occurred in October 1955, December 1957 and February 1959. 

Fig. 2 gives the actual variations in the earth’s rotational 
frequency before the removal of the periodic terms. These 
periodic terms are remarkably constant from year to year 
and are believed to be due mainly to winds, with a smaller 
contribution from tides induced by the sun in the crust of 
the earth. 

This article is published by permission of the Director of 
the National Physical Laboratory. 621.317.76 : 621.373.5 
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2 Variation in the rate of rotation of the earth 


A short article based on a Utilization Section paper (3145) 
entitled ‘The application of irradiation in industry’ by M. C. 
Crowley-Milling, M.A., Associate Member. The paper was 
published individually in October 1959 and will be republished 
in Part A of the Proceedings. It was read at Savoy Place at an 
Ordinary Meeting on the 5th November 1959 (see p. 55). The 
author is with Metropolitan-Vickers Electrical Co. Ltd. 


[; has been shown experimentally during the last ten years 
that ionizing radiation can be used to produce beneficial 
changes in many materials. The thermal properties of some 
plastics can be improved and rubbers vulcanized; pharma- 
ceutical products can be sterilized and foods preserved; 
chemical changes can be produced by synthesis and ‘cracking’ ; 
insect infestation can be controlled and vegetable tubers 
prevented from sprouting. 

These experiments are now being supplemented by small- 
scale pilot-production studies for some processes and by 
full-scale commercial application in a few others including 
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Irradiation in industry 


the sterilization of pharmaceutical products and the treatment 
of polythene-insulated wire and polythene tape. The wide- 
spread use of irradiation processes will depend on an under- 
standing of the properties of the various types of radiation 
and the engineering principles underlying their application. 


Types of radiation 

There are two main types of ionizing radiation suitable for 
large-scale industrial application. These are high-energy 
electrons and the y-rays produced during the decay of 
certain radioactive materials. Both produce ionization in 
materials but by different mechanisms. This results in differing 
laws of absorption: the intensity of ionization caused by 
y-rays falls off exponentially with distance while that due to 
electrons first rises to a maximum, flattens out and then falls 
fairly rapidly at a distance dependent on the energy of the 
electrons and the density of the material. 

The practical result of this difference is that y-rays can be 
used to irradiate material of considerably greater thickness 
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than can electrons of the same energy, but it is difficult to 
achieve as high an efficiency of utilization with y-rays. 

One of the main sources of y-rays suitable for industrial 
irradiation is the radioisotope cobalt 60. This is produced by 
irradiating metallic cobalt with neutrons in an atomic pile 
and so the production is entirely in the hands of Government 
organizations. The price will therefore depend on the official 
policy towards irradiation. 

In the past considerable stress has been placed on the 
possibility of using the radioactive fission products obtained 
from the atomic piles. Since these are waste products it has 
been stated that their use would make irradiation processing 
very cheap. However there are great practical difficulties 
caused by the small specific activity, rapid decay and low 
energy of the gross fission-products and the expense of 
separation and concentration of the longer-lived elements. 
A small amount of caesium 137 is being separated and 
concentrated and there are plans to increase this quantity. 

There are as yet no industrial irradiation plants using 
y-rays, but one is under construction in Australia for the 
sterilization of hair used in carpet manufacture. The source 
of radiation is expected to be 150000 curies (2}kW) of 
cobalt 60. 


Production of radiation 


Large currents of high-energy electrons can be produced 
by both direct accelerators such as the Van de Graaff and 
resonant transformer and indirect accelerators such as the 
microwave linear accelerator. Direct accelerators, in which the 
full voltage is applied across the electron tube, are limited for 
industrial purposes to about 3 MeV by insulation difficulties. 
The linear accelerator, in which the electrons gain their energy 
from the field associated with a travelling electromagnetic 
wave, has no such limitation. This type of machine has made 
great strides since the first experimental models of 1946-47, 
especially since the development of a successful high-power 
klystron, and it is now possible to provide electron-beam 
power of many kilowatts at any desired energy. 

There are several industrial plants using electron accelera- 
tors now in service. Direct accelerators are used for the 





1 Polythene-insulated cable undergoing irradiation by 4 MeV 
electrons 
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irradiation of polythene-coated wire and polythene tapes and 
for the sterilization of pharmaceutical products. A linear 
accelerator is in use for the sterilization of surgical sutures, 
These machines vary in output power from 0-5 to 10kW and 
in energy from 1 to 7 MeV. 





2  Alinear accelerator for experimental irradiation on test 
Output 4 MeV, 14kW 





Application problems 

The engineering problems involved in the application of 
irradiation to a process include the choice of the type of 
radiation and the optimum energy, the most efficient use of 
the radiation and the method of presenting the material, 
possible heating effects, dose measurement and shielding. 

The methods of ensuring maximum utilization differ for 
y-rays and electrons. y-rays are emitted in all directions and 
it is necessary to surround the source by several layers of the 
material being irradiated and to design the conveyor system 
to circulate the material in such a way as to even out the dose 
received. Owing to this and the low dose-rate from most 
y-ray sources a large irradiation chamber is needed with 
thick shielding in all directions. 

Most accelerators produce a narrow beam of electrons 
which can be deflected or spread to cover the width of the 
material to be irradiated which is carried past the beam by a 
conveyor or in a conduit. Very high dose-rates can be achieved 
and the irradiation chamber can be quite small. Thick 
shielding is needed only in the direct line of the beam. For 
highest efficiency it is advisable to irradiate thick materials 
from both sides. This can be done either by rotating the 
material during the passage through the irradiation chamber 
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or by splitting the beam and deflecting it to irradiate both 
sides of the material simultaneously. The optimum energy 
for such irradiation is approximately 3MeV per inch of 
unit-density material, or equivalent. 

Fig. 1 shows a sample batch of polythene cable being 
irradiated with electrons from a 4MevV linear accelerator 
similar to that shown in Fig. 2. Fig. 3 shows how larger cable 
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A method of treating large cables by irradiating from 
opposite sides 
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could be irradiated from both sides as a continuous length. 
Cooling would be necessary to allow a high dose-rate to be 
used, 

The unit of irradiation dose is the rad, equivalent to an 
absorption of 100 ergs per gramme of material. Its multiple, 
the megarad, is commonly used, since most of the processes 
of interest require doses in the range 0-01-100Mrads. The 
megarad is equivalent to 1-26 watt-hours/lb so 1kW of 
radiation can give a dose of 1 Mrad to 800Ib of material per 
hour if fully utilized. 





4 Irradiation plant suitable for incorporation in a production line 
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Shielding and safety 

The problem of shielding and safety for personnel is a very 
important one. A dose of 500 rads of radiation is likely to 
prove fatal to a human being and it is generally agreed that 
no one should be allowed free access to any area where the 
dose-rate exceeds about 1 mrad/h. In comparison it is possible 
to obtain a dose-rate of several megarads per second in the 
beam of an electron accelerator, so the difficulty can be 
realized. Adequate shielding must be provided and it must be 
made impossible for the machine to be switched on when 
access to the irradiation chamber is possible. 

With y-ray sources the problem is more difficult since the 
source cannot be switched off but must be removed to a 
storage area when access to the irradiation chamber is 
required for maintenance of the conveyor. The mechanism 
for this removal as well as that for the periodic replacement 
or recharging of the source must be absolutely reliable since 
a failure might require the irradiation plant to be sealed off 
and abandoned. 


Design example 


Fig. 4 is an artist’s impression of an electron irradiation 
plant suitable for the treatment of rectangular boxes of 
material requiring irradiation from both sides. The plant is 
designed for incorporation in an existing production line, and 
the irradiation chamber is underground for economy of 
shielding. The boxes are transferred from the main conveyor 
line and taken down to the irradiation chamber through a 
labyrinth so that no appreciable amount of radiation can 
escape. 

In the chamber the boxes are conveyed through the beam 
from an electron accelerator at a controlled speed, turned 

















The cost of irradiation using a 5kW electron linear accelerator 


Capacity | 





| - 
ole a ee — A A rg 
Mead % machine | _treatment* 
per hour | 
nay er 
Prevention of | 0-01 50 | 90 tons | Is. 6d. per ton 
sprouting 
(potatoes) | 
Disinfestation | 0-05 | 80 28 tons | 4s. 8d. per ton 
of grain 
Preservation | 0-0S¢ | 45 16 tons | 8s. 6d. per ton 
of foodstuffs | 0-53 | 45 3600Ib | 4d. per Ib 
Sterilization of | 2 | 80 (in bulk) | 1600Ib | = _Id. per Ib 
drugs | 5 (in phials) 100Ib | 1s. 4d. per Ib 
Velomiiantion | 5 | 80 (in bulk) 640Ilb | 24d. per Ib 
of rubbers | 25 (mouldings) | 200Ib | 8d. per Ib 
Treatment of (25 80 (in bulk) 1301b 1s. per Ib 
plastics | | 25 (mouldings) | 401b | 3s. 4d. per Ib 


* Machine running 8 hours per day, 5 days per week 
T Low dose t High dose 


over by a rotary device and then conveyed back through the 
beam which is spread to cover the full width of both con. 
veyors. The boxes are then taken back through the labyrinth 
and transferred back to the main conveyor. 

The accelerator is mounted above the ground in a shielded 
room as there is some X-radiation from the machine itself, 
A 6MeV S5kW microwave linear accelerator is shown in Fig, 
4 with the klystron valve and vacuum pumping system. The 
modulator and power-supply unit and the control rack are 
outside the shielded area. The amount of material that could 
be treated by such a machine for different processes and the 
approximate cost of treatment are shown in the Table. 


Acknowledgment 
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Low-pressure resins for high-voltage switchgear 


A short article based on a Supply Section paper (2835) entitled 
‘The application of low-pressure resins to some high-voltage 
switchgear designs’, by T. R. Manley, B.Sc., K. Rothwell, 
Associate Member, and W. Gray, Member. It was read at an 
Ordinary Meeting at Savoy Place on the 26th November 1959 
(see p. 56). The paper was published individually in February 
1959 and will be republished in Part A of the Proceedings. The 
authors are with A. Reyrolle and Co. Ltd. 


ARLY moulding resins such as the phenol-formaldehyde 

(Bakelite) type required high pressures to make them flow 
and gave volatile by-products, mainly steam, which were 
liable to leave voids when the resins were used as insulating 
varnishes. Epoxy and polyester resins have no volatile by- 
products and are less viscous than Bakelite: thus they may be 
moulded at low pressures. This prompted investigation into 
their use for switchgear components and indicated that 
dimensions could be reduced particularly within the 6-15kV 
range. 

Again it was known that these resins when reinforced by 
glass fibres could withstand very high impact and tensile 
stresses, and their use in making circuit-breaker bushings and 
driving links with further saving in size and weight was 
considered. 

Their main disadvantages are their large contraction 
during the curing process and their high coefficient of thermal 
expansion which for epoxy resins is approximately three 
times and for polyester resins approximately five times that 
for copper. Where copper is embedded in resin considerable 
stresses may be set up during temperature changes. In this 
respect epoxy resins are preferred, but their cost—almost 
three times that of polyester resins—restricts their appli- 
cation. 

Low-pressure resins have been used commercially since 
1947 when the first current and voltage transformers employ- 
ing them were marketed in Switzerland. After early experi- 
ments by the authors on casting in epoxy resins of small 
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bushings and current transformers of simple shapes pro- 
duction commenced on a small scale. When larger and more 
complex castings were made however fractures occurred. 

Other difficulties were encountered: low-ratio current trans- 
formers insulated with resins were found to have too small a 
margin of strength when short-circuit currents were applied ; vol- 
tage-transformer primary windings were difficult to impreg- 
nate; and the early methods used for reinforcing resin with 
glass fibres resulted in poor electrical properties. Further 
research was therefore necessary before production could 
proceed. 


Epoxy resins 

The epoxy resins known as Araldite B and Araldite F were 
investigated because of their high plastic-yield temperature 
and good insulating properties. 

Araldite B before the hardener is added is solid at room 
temperature and liquefies at 120°C. The most suitable 
hardener is phthalic anhydride which when added to the 
liquid resin causes it to harden in one to two hours and cure 
completely in 14 hours. The chemical reaction between an 
epoxy resin and its hardener is exothermic; and since resins 
are poor thermal conductors this may cause cracking when 
the material is used in bulk. 

Of the resins available the combination of Araldite B and 
phthalic anhydride produces the least exothermic reaction 
and has the smallest coefficient of expansion, and for these 
reasons it was chosen for casting. Its rapid hardening how- 
ever makes it unsuitable as an impregnant. 

Araldite F is a viscous liquid at room temperature and will 
remain in this state for several months even when an amine 
or amide hardener is added. If the temperature is raised to 
120°C and an accelerator is added curing occurs in a few 
hours. This material therefore lends itself to certain reinforcing 
processes, and when used with glass fibres it has probably 
the best mechanical properties of any known high-voltage 
insulating material. 
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Polyester resins 

Polyester resins are unsuitable for casting because their 
high curing and thermal contraction, almost twice that of 
epoxy resins, tends to cause fractures. They are however most 
suitable for impregnated and reinforced articles. 

One system which was chosen for impregnation was 
Bakelite polyester SR.17449 with a small quantity of peroxide 
catalyst thinned by the addition of 50% by weight of styrene. 
This mixture has a useful life of almost a year at room 
temperature and will harden quickly at 100°C giving good 
electrical properties. 

Polyester resins react with copper, causing corrosion. This 
is generally unimportant where the copper section is large, 
but it may cause trouble by unduly reducing the cross-section 
of fine wires. The formulation chosen causes little corrosion. 
Since they are at present cheaper than epoxy resins polyester 
resins are often used for reinforcement with glass fibres in 
preference to Araldite F when the mechanical requirements 
are less stringent. 


Manufacturing technique 

The use of a filler such as silica flour either to B.S. 120 or 
of 300 mesh not only reduces the cost but also improves the 
resistance to tracking and reduces the total contraction. 

In general the 300-mesh silica flour produced improved 
mechanical properties; but if too much very fine silica is 
present or if the proportion of silica to resin exceeds 2-5: 1 
by weight the mixture is too viscous to cast. Care must be 
taken to ensure that the filler is dry, as moisture accelerates 
the hardening process. 

To prevent low-pressure bubbles being included it is 
necessary to cast in a vacuum. In a typical method the resin 
and silica are mixed in a vacuum, the hardener is added, and 
the mixing is continued for a further 5-lO0min. The mixture 
is then drawn into moulds inside a tank evacuated to about 
Imm Hg. Once the moulds have been filled and while the 
mixture is still fluid the vacuum is broken and the castings 
are allowed to cure at 120°C. 

In the early stages of the investigation the castings were 
mainly articles of simple shape, e.g. post insulators and 
bushings, the copper conductors being: treated with silicone 
grease to allow movement of the resin relative to the 
conductor. 

This technique was successful until large bent conductors 
which were unable to move axially were embedded in resin, 
when cracking often occurred. This trouble was eliminated 
by covering the conductor with three of four layers of cotton 
tape. Subsequently when busbar units comprising three long 
copper conductors embedded in resin were made cracking 
sometimes occurred. Such fractures were detected when the 
article was stripped from the mould while still hot or after 
two or three days or even on rare occasions after several 
weeks. 


Cause and prevention of fracture 


The curing contraction which takes place at constant 
temperature was first investigated using unfilled resin. A 
continuous record was obtained of curing contraction and 
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viscosity throughout the curing period for a temperature 
range of 120°-140°C (Fig. 1). 

A large proportion of the contraction occurs during the 
first 1+h after the addition of the hardener indicating that the 
resin is solidifying rapidly at this time. The curing temperature 
does not greatly affect the total amount of contraction, but 
it has a marked effect on the rate of contraction. 

The patterns of the strains set up by the curing contraction 
and thermal contraction during subsequent cooling were next 
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1 Curing characteristics of Araldite B unfilled casting resin 


—— Viscosity - — — Contraction 
Curing temperature: a 120°C 

b 130°C 

ec 140°C 


The total curing contraction is 1-5% 





examined. Unfilled resins were used to accentuate the con- 
traction effects and to allow the strain patterns to be photo- 
graphed by polarized light. 

The results showed that areas of high strain could be pro- 
duced by the curing contraction alone, particularly when two 
parallel conductors were embedded. The strains were more 
severe when the resin was cured at 140°C, fractures often 
occurring at the end of the curing period. 

A search was then made for a covering material for the 
bars which would be soft and deformable at 130°C and 
which would not adhere to the resin but allow it to slip along 
the length of the bars. Polyvinyl chloride has these properties, 
and when the experiments were repeated using this material 
the strains were very much reduced. 

These conclusions were verified on full-scale busbar units. 


Impregnation 

The problem of impregnating the multi-turn fine-wire 
primary winding of a voltage transformer with resin and 
insulating it from the core and secondary winding can be 
solved in severai ways. 

In one method the primary winding has paper inter-layer 
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insulation and is placed in a mould and packed in position 
with silica powder. Thereafter the winding and the powder 
can be impregnated with an epoxy resin such as Araldite F 
in a vacuum at 80°C and later cured at 100°C. The advantage 
of this method is that impregnation and insulation of the 
winding are performed in one operation. The disadvantages 
lie in the difficulty of holding the winding in place and 
ensuring that all spaces outside the winding are filled with 
silica and of ensuring complete removal of moisture from 
the inter-layer insulation because of the blanketing effect of 
the silica. 

In a method which has given good results the winding is 
vacuum-impregnated with a catalysed polyester resin and 
transferred to a hot oven where the resin in the winding 
rapidly cures. 

The remaining resin in the impregnating tank is not heated, 
and thus its pot life is not shortened. The impregnated high- 
voltage winding is cast in resin and then assembled together 
with the core and secondary. Polyester resin is used because 
it is cheaper than epoxy resin and has a longer pot life. To 





2 Outdoor oil-break switchgear unit 
Cross-hatching indicates resin parts 
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prevent any corrosion of the fine copper wire by the polyester 
resin, enamel-covered wire is used. 

This method has the advantage that primary windings can 
be impregnated and cured in batches, and it is therefore 
suitable for quantity production. 


Reinforcement 

For applications where great strength and low weight are 
required, e.g. circuit-breaker driving rods, the resin must be 
reinforced. The essence of reinforcing lies in the efficient 
transfer of stress from the resin to the reinforcing medium. 
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Glass fibres are used because of their high modulus of 
elasticity, good tensile strength and durability. 

The best electrical and mechanical properties are obtained 
with borosilicate glass of low alkali content, known as ‘E’ 
(or electrical) glass. The epoxy resins adhere more strongly 
than the polyesters to the glass, but the adhesion of both is 
improved by suitable treatment of the glass surface. 

Even with treated borosilicate glass poor electrical pro- 
perties are obtained if the glass is not heat-treated to remove 
surface moisture immediately before moulding. 


Design and application 

In general low-pressure resins cannot at present be applied 
economically to switchgear rated at voltages above 15kV 
because the problem of providing voltage-stress control in 
resin bushings has not yet been satisfactorily solved. In 
voltage transformers however the primary winding can be 
designed to give a measure of stress control, and here it has 
been possible to apply resin up to 33kV. 


Outdoor oil-break switchgear 

Fig. 2 shows 2n oil-break switchgear unit rated at 200amp, 
11kV, 15OMVA for use in outdoor substations. Wide 
variations in temperature and humidity make it advisable to 
eliminate all creepage surfaces exposed to air. In this design 
the current transformers and the busbars are 3-phase cast- 
resin-insulated units, and the insulation is formed with the 
terminals as an integral part of the unit. Compared with 
orthodox compound-filled busbar and current-transformer 
chambers this design has reduced the over-all height of the 
equipment by 10%, increased the insulation security and 
lowered the cost. 

Further saving in height has been achieved by embedding 
the circuit-breaker contact-fixing blocks within the ends of 
the circuit-breaker bushings and by casting these bushings 
with integral mounting flanges. These bushings must be 
capable of withstanding severe lateral shock forces when 
short-circuits occur, and a glass-reinforced-resin moulding is 
therefore embedded in the flange of each of them. 

The operating links of the circuit-breaker and the isolator 
are made of glass-fibre-reinforced resin. The breaking load 
for these links was 4 tons with a weight of 135g whereas for 
the synthetic-resin-bonded-paper links it was only 1-6 tons 
with a weight of 223g. 


Indoor air-break switchgear 


The indoor air-break circuit-breaker panel shown in Fig. 3 
is rated at 1600amp, 11kV, 500 MVA. Resin is used extensively 
for insulating bent connectors and their associated terminals 
in order to save space. Where an orifice insulator is required 
for a terminal it is cast integrally with the insulation of the 
connector. A notable feature of the panel is the use of resin- 
insulated rotatable cranked bushings on the circuit-breaker. 
By rotating these through 180° from their service position 
either the cable or the busbars may be earthed through the 
circuit-breaker. 

Air creepage paths cannot be eliminated to the same degree 
in air-break as in oil-break circuit-breakers because the 
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contacts and ancillary connections are necessarily in air. 


Nevertheless it is considered worth while to eliminate as 
many weak points as possible, particularly on the fixed 
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A.brief account of an Electronics and Communications Section 
paper (3115) entitled ‘The measurement of atmospheric radio 
noise by an aural comparison method in the range 15-500kce|s’ 
by J. Harwood, M.A., Ph.D., and B. N. Harden, M.Sc. The 
paper is published this month in Part B of the Proceedings. The 
authors are at the Radio Research Station. 


| main practical objective in the measurement of 
atmospheric radio noise is to determine the degree of 
interference which it causes to radiocommunication. The 
noise itself depends on location, frequency, time of day, and 
season; the interfering effect depends also on the type of 
communication system involved and on the noise structure. 
One approach to the problem has been to measure directly 
the interference to a low-speed Morse system at a number of 
sites throughout the world and to relate the results to other 
systems by means of empirical factors. In 1945 Thomas* 
distributed equipment for making such measurements in the 
frequency range 2-20Mc/s, and a comprehensive set of 
determinations of the minimum signal intelligible through 


* THomas, H. A.: ‘A subjective method of measuring radio noise’, Proceedings 
LE.E., Paper No. 1006 R, September 1950 (97, III, p. 329) 
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portion of the panel where maintenance is infrequent. This 
has been achieved by covering joints between connectors with 
resin after assembly. 

The roof barriers of the box-like arc- 
chute are made of polyester resin rein- 
forced by glass fibres. 


Future developments 


Polyester resins reinforced withchopped 
glass-fibres and a mineral filler, the so- 
called dough mouldings, may be com- 
pression-moulded in a 10min cycle. 
These mouldings have good electrical 
properties and an impact strength ten 
times that of cast epoxy with a similar 
tensile strength. When certain moulding 
difficulties have been overcome they will 
be widely used for quantity production. 

Stress control of cast-resin bushings 
particularly bent ones is being studied in 
order to extend the use of resin to switch- 
gear for 33kV and above. The present 
epoxy resins are unsuitable for unshaded 
outdoor installations; research into 
alternative resins and surface coatings 
is therefore being carried out. 

621.315.616.96 . 621.316.5 


3 Indoor air-break switchgear unit 
Cross-hatching indicates resin parts 


Atmospheric radio noise 


atmospheric noise now exists; much of this is given in a report 
by Horner. * 

The next stage was to study the atmospheric noise at lower 
frequencies where it is of equal if not greater significance. The 
present paper describes equipment for similar observations in 
the frequency range 15-500kc/s, and some of the results 
obtained with it are discussed in relation to other noise 
measurements and predictions. 


Comparison with C.C.1.R. predictions 


One of the difficulties in the comparison of early results 
was the diversity of characteristics which could be chosen to 
represent the noise. Here we have considered only the para- 
meter of ‘minimum intelligible signal’ which is a direct 
measure of the interfering effect of the noise. Other para- 
meters however, such as the average or r.m.s. field strength, 
give a more objective figure for the noise level itself, and in 
fact charts produced recently by the International Radio 
Consultative Committee (C.C.I.R.) for the prediction of 
world-wide noise levels are given in terms of the noise power 
in a defined bandwidth. 


* ‘Measurements of atmospheric noise at high frequencies’, Radio Research 
Special Report No. 26 (H.M.S.O., London, 1953) 
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The low-frequency measurements were compared with these 
predictions to verify not only the magnitude of the predicted 
noise but also its variation with frequency. To make the 
comparison, experimental data obtained at Slough on the 
relationship between various noise parameters were used to 
convert measurements of minimum intelligible signal to 
those of noise power. In this way it was possible to compare 
actual observations over one to two years at five observing 
sites (Colombo, Fanning Island, Johannesburg, Nicosia and 
Tatsfield) with C.C.I.R. predictions of noise power. 

Some differences in absolute level were revealed but these 
varied from station to station; for example measurements 
from Fanning Island were appreciably below the predictions 


Generator/motor problems in 


A short article based on a Supply Section paper (2853) with 
the above title by J. H. Walker, M.Sc., Ph.D., Member. 
The paper was published individually in February 1959 and 
will be republished in Part A of the Proceedings. A report of the 
Supply Section meeting at Savoy Place on the 11th November 
1959 at which it was read appears on p. 67. The author is with 
Associated Electrical Industries Ltd., Heavy Plant Division. 


| Roe stations are characterized by low running costs ” 


and high capital charges so that it is desirable that 
they should run for long periods on full load irrespective of 
fluctuations in demand. This requirement can largely be 
satisfied by operating them in parallel with pumped-storage 
installations. During periods of light 
load on the system a pump driven by a 
synchronous motor raises water from a 
reservoir at the station to one at a higher 
level. During peak-load periods the water 
from the higher reservoir is allowed to 
run back through a turbine driving the 
synchronous machine as a generator. 
Although the salient-pole synchronous 
machines employed in such installations 
are similar in all their main features to 
those widely used in hydro-electric stations 
there are problems relating to size, 
starting and stopping, and reversal of 
rotation which require special attention 
in certain aspects of the machine design. 
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Pump and turbine unit 

To obtain minimum capital cost and NO” 
maximum operating efficiency pumped- ‘ 
storage schemes under consideration 5 


envisage units rated at 100-200MVA; it —, 
can be shown that outputs from 100 to eR 


ISOMVA over the speed range 600- 
428r.p.m. and outputs in excess of 
200MVA at speeds below 200r.p.m. can 


1 Ffestiniog pumped-storage installation 


Generator/motor 78-9MVA, 
16kV, 428r.p.m. 


rating is 
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at all times whereas general agreement was found for Tatsfield 
(England). As regards the variation of noise level with fre 
quency the predictions use one law of variation for the day 
and another for the night. The spread of experimental result, 
is such that no significant difference between day and night 
variations could be established. 

Measurements of the minimum signal intelligible through 
atmospheric noise have been continued during the I.G.Y. at 
eight sites distributed throughout the world. These together 
with other studies of noise characteristics are being used to 
improve the statistical knowledge of low-frequency atmo- 
spheric radio noise. 621.391.821 : 621.396 : 621,317.34 


pumped-storage installations 


be obtained without departing from normal design and 
manufacturing techniques. 

The type of pump-turbine unit is determined by the 
hydraulic head; at heads greater than about 600ft it is 
necessary to install a separate pump and turbine coupled in 
line with the generator/motor, as in the Ffestiniog station 
(Fig. 1). These units normally have the same direction of 
rotation for pumping and generating so that for either con- 
dition the sets are started up by the turbine. 

During generation the pump must be disconnected from 
the turbine to eliminate losses in the pump. Connection and 
disconnection may be effected at standstill by a servo-operated 
gear or dog coupling or when a quick changeover is 
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required by the use of a small turbine to run the pump up 
to speed and to synchronize the two halves of a dog coupling. 
To reduce losses the turbine casing is blown down during 
pumping. 

When the hydraulic head is less than 600ft the pump and 
turbine may be combined in one unit, and it is then necessary 
to run in one direction of rotation for generating and in the 
opposite direction for pumping. To obtain maximum pump 
efficiency the speed when pumping should be about 20% 
higher than when generating. This problem has been solved 
by the use of the two-speed synchronous machine in which 
in addition to normal synchronous speed a suitable lower or 
higher synchronous speed can be obtained by reconnection 
of the rotor and stator windings. 

The reconnection of the rotor winding produces undesirable 
harmonics in the field form, and these may cause excessive 
vibration and noise; the additional cost of such two-speed 
units is appreciable and may offset the increased pump 
efficiency obtained by their use. 


Starting 

The single hydraulic unit requires reversal of rotation so 
that, although starting on the generating cycle is effected by 
the turbine, on the pumping cycle some other form of starting 
must be used. Where the system is sufficiently stiff, direct-on- 
line starting on the h.t. side of the transformer is the simplest 
and cheapest method, and the starting kVA drawn from the 
line can be as low as 3-34 times the rated kVA. In other 
cases taps on the machine side of the main transformer may 
be used which reduce the starting power to the rated kVA 
or less, with a reduction in the starting torque to 10% or 
less of full-load torque. 

With self-lubricated thrust bearings this torque may be 
insufficient to start the unit; pressure lubrication at starting 
should then be used since this reduces the breakaway torque 
of the bearing to a fraction of 1% of full-load torque. The 
use of pressure lubrication at starting also permits the bearing 
to be designed exclusively for normal running, so that high 


specific bearing pressures with consequent reduction in 
losses can be employed. 

The frequent starting and stopping of pumped-storage 
units involve heavy wear on the friction brakes; these should 
therefore be supplemented by dynamic braking. 

In reversible units the rotor fans must be effective with 
either direction of rotation; such fans are inherently in- 
efficient and should therefore be replaced by motor-driven 
fans mounted on the stator frame (Fig. 2). 

621.311.21 : 621.313,322-82 
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2 Arrangement of motor-driven ventilating fan on large 
reversible generator/motor 


Square-wave multiplier using transistor modulators 


A brief account of a Measurement and Control Section paper 
(2962) entitled ‘An analogue electronic multiplier using 
transistors as square-wave modulators’ by P. Gleghorn, 
B.Sc.(Eng.), Graduate. The paper was published individually 
inJune 1959 and will be republished in Part B of the Proceedings. 
It was read at Savoy Place before the Measurement and Control 
Section on the 3rd November 1959 and a report of the meeting 
appears on p. 65. The author is with Smiths Aircraft Instruments 
Ltd. 


nee such as are used in the study of aircraft flight 
require multipliers with an accuracy to within 1 or 2% and 
agood frequency response up to at least 50c/s. Since a number 
of them may be required in one installation they should also 
be cheap and compact. Consideration of a number of different 
Principles of multiplication led to the adoption of the modu- 
lated square-wave type of multiplier in which one input 
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controls the width or mark/space ratio of a square waveform 
and the other the height, the output being proportional to 
the area. 


The multiplier system 

The modulating device can be included in a negative- 
feedback loop, which improves its linearity. Two identical 
modulators are driven from the same square waveform whose 
mark/space ratio is determined by the output of a high-gain 
error amplifier; this output is proportional to the difference 
between the output of modulator A and one of the multi- 
plicands Vc (see Fig. 1). Since modulator A is fed with a 
constant reference voltage V4 the mark/space ratio of the 
waveform thus depends on Vc alone. Modulator B is then 
fed with the other multiplicand Vg, and its output is propor- 
tional to the product VgVc. 

Ideally the modulator should be a switch which produces 
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at its output either the full input voltage or nothing. The 
transistor provides a very close approximation to this, and 
it also has the advantage of smaller size over the thermionic 
modulator. Only one sign of input voltage can be modulated 
however; and if inputs are required to swing either side of 
zero a steady voltage must be added to them so that for 
normal operation they are always of one sign. These extra 
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effect of de-energizing a relay which disconnects all the power 
supplies from the multiplier. This separate unit which js 
common to a number of multipliers uses a transistor amplifier 
to detect any change in a voltage derived from a combination 
of all the power supplies; the amplified change triggers a 
bistable circuit which causes the earthing of the —30 volt 


supply. 


1 Schematic of modulated-square- 
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voltages are added in by the B input amplifier and the error 
amplifier for the C channel. The output of the B modulator 
is now (Vg + V’)(Vc + Ve) where the modified symbols 
refer to the added steady voltages. 

In order to remove the unwanted terms proportions of Vz 
and Vc are fed into the output summing amplifier; by 
slightly altering these proportions from the theoretical it is 
possible to cancel out errors caused by various imperfections 
in the modulator. 

A simple tuned filter is used to remove the repetition 
frequency of the square wave from the signal, and it is this 
which mainly determines the frequency response of the 
multiplier because of its effect on the signal. It is essential 
that the proportions of Vg and Vc which by-pass the modu- 
lators should pass through networks having a similar transfer 
to the filters to ensure correct cancellation in the output 
amplifier. With this amplifier is then associated a further filter 
whose transfer is the inverse of the previous ones so as 
theoretically to nullify their effect. In practice the output 
amplitude at 50c/s is 14% down on its d.c. value and 4% 
down at 100c/s; the phase rotations at these frequencies 
however are only 1-7° and 2-8° respectively. 


Protection of the transistors 


It was necessary to give special consideration to the pro- 
tection of the transistors. The normal 300volt surge as the 
power supply is switched on had to be reduced to below a 
level which would damage transistors. Some of these surges 
can be limited by protection diodes, but a failure or change 
in voltage of a power supply may apply overload conditions 
to a transistor against which the diodes afford no protection. 

Some of these diodes are therefore returned to the —30volt 
reference V4, and a separate unit is provided which is capable 
of earthing this supply in 6 millisec if any of the power supplies 
change. The earthing of the —30 volt supply has the further 


32 


Mechanical construction 


In order to reduce the cost of the unit and to provide 
ready accessibility for servicing a form of mechanical con- 
struction slightly different from the usual has been adopted. 
A vertical, flat chassis-plate is used to mount all the valve- 






cy 


2 General view of multiplier 





bases, potentiometers, tag strips and other components. 
Attached to this plate by four pillars is the front panel 
through which project the various potentiometer and switch 
spindles (Fig. 2). Valve changes can be made without removing 
the unit from its rack location, and in the event of a fault the 
flat chassis affords ready access to all the components and 
wiring. 621.317.79 : 621.382 
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A short article based on a Utilization Section paper (3147) with 
the above title by H. H. Anderson, B.Sc., and W. G. Crawford, 
B.Sc., Associate Member. The paper was published individually 
in November 1959 and will be republished in Part A of the 
Proceedings. It was read before the Utilization Section at Savoy 
Place on the 12th November 1959 (see p. 67). The authors are 
with the Harland Engineering Co. Ltd., Alloa. 


URING the last 20 or 30 years submersible pumping 
ian has found increasing application, in particular 
to the small-quantity high-head-water duties which are more 
suited to the higher speed of a submersible motor. The large- 
quantity low-head uses where lower speeds are involved have 
not yet been developed with submersible motors. 

In raising water from a borehole power losses occur in both 
types of pump-set available: the shaft-driven pump with the 
motor at the surface suffers frictional power losses in the verti- 
cal shafting and in the thrust bearing at the surface holding the 
weight of the shafting, whereas with the submersible unit 
power losses arise owing to the friction of the motor rotor in 
the water and electrical-resistance losses are incurred in the 
vertical cable. 

It is the relative balance of these that determines whether a 
submersible pump is preferable. 


Pump and motor design 

Fig. 1 shows a sectional arrangement of a typical submer- 
sible pump-set with a wet-type motor. Pump and motor have 
to go down a small borehole so the over-all diameter must be 
kept to a minimum. The pump is essentially a multistage one 
running at a high speed to develop the necessary head. The 
motor is a cylindrical squirrel-cage induction motor with a 
number of unusual features. As the pump-set shaft is normally 
vertical the hydraulic thrust from the pump and the weight of 
the motor rotor are carried on a thrust bearing at the bottom 
of the motor (see Fig. 2). The motor guide bearing bushes are 
of carbon. 

As all the bearings are of necessity water-lubricated the load- 
carrying capacity is much less than that of normal oil-lubri- 
cated bearings. The pump must therefore be designed so that 
the hydraulic thrust load is a minimum in all possible operating 
conditions. 

Transient operating conditions of the pump, motor thrust 
bearings and pipeline must be investigated on start-up and on 
emergency stopping following power failure, since reversals of 
rotation and of column flow give rise to overspeeds in reverse 
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THRUST ON MOTOR BEARING (MEASURED BETWEEN HEAVY LINES 


Submersible pumping plant 


and to changes in pipeline pressure. Fig. 3 shows a submersible 
pump-set being lowered for testing. 


Contamination and corrosion 

To prevent the entry of grit and contaminated water a 
carbon shaft seal is fitted at the driving end while an expansion 
chamber at the bottom allows for the normal thermal expan- 
sion and contraction of the water inside the motor. Nevertheless 
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the water inside the motor is gradually contaminated by the well 
or mine water and where possible the motor materials must 
be chosen so that corrosion is reduced to a minimum. In spite 
of the inherent limitations on the choice of materials to resist 
corrosion there are many instances of motors being in service 


1 Medium-specific-speed submersible pump and submersible motor 
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for 50000h without lifting for examination or for main. 
tenance. 


Use of p.v.c. 


Conventional motor-winding insulating materials are quite 
unsuited for long immersion in water. Following trials witha 
variety of wire coverings it was decided a number of years ago 
that polyvinyl chloride was the best available, and using 
p.v.c.-covered wire wet-type submersible motors for up to 
3300 volts are in normal commercial production. 


Low power factor 


To keep ‘windage and friction’ to a minimum tunnel slots 
are used on both stator and rotor, and the air-gaps are much 
larger than normal. The magnetizing current is therefore high 
and the short-circuit current low, so that the power factor 
less than for conventional motors. The low starting-current 
makes it possible to use direct-on-line starting in many cases, 

The heating and cooling time-constants of submersible 
motors are extremely short so that all submersible motor 
must be regarded as maximum-continuous-rating machines, 
The thermal capacity is however fully adequate for all normal 
starting conditions. 621.67 : 621.313.3332 


3 Submersible pump-set being lowered for works testing 


Analogue-computer analysis of rolling-mill control systems 


A short account based on a Graduate and Student Section paper 
entitled ‘The use of analogue computers in the analysis of 
rolling-mill control systems’ by R. B. Larkinson, M.A., Graduate. 
The paper was read before the North Staffordshire Graduate 
and Student Section at Stafford on the 29th September 1958. 
It was awarded a premium by the Council. The author is with 
the English Electric Co. Ltd. 


ei high-gain feedback systems are employed in the 
control of rolling-mill motors, and the mathematical 
analysis of their stability if exact is extremely lengthy and if 
inexact is unsatisfactory. In the inexact process no account is 
taken of varying gain, saturation in motor and generator 
fields, non-linear interaction of variables, and other natural 
phenomena whose behaviour cannot be easily simulated by 
mathematical models. 


The computer 


The analogue computer (Fig. 1) is a flexible piece of 
apparatus which can be set up to act as a model of any electric, 
pneumatic or hydraulic system and into which it is possible 
to build the non-linearities and discontinuities which form the 
stumbling-block of mathematical analysis. 

The three basic parts of thecomputer are thelinear-function, 
the scalar-function and the discontinuous-function units. The 
linear-function unit can assume seven different transfer 
functions, and the time-constants and gains can be varied by 
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switching resistances and capacitances within it. A scalar- 
function unit is in effect a resistance box giving settings to | part 
in 103, These resistances can replace those wired into the linear- 
function unit thereby giving greater setting accuracy. The 





1_ A typical general-purpose analogue computer 
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non-linear-function units can be used to simulate either 


saturation or dead-zone effects. 


The control system 


The rolling-mill control system is a voltage control of a 
main drive generator: a magnetic amplifier feeds the fields of a 
control exciter which feeds those of a generator exciter which 
in turn feeds the generator fields. The system is stabilized by 
means of feedback obtained from a field on the generator. A 
limit can be applied to the generator exciter voltage to alter the 
response. 

This system can be translated into an analogue by using ten 
linear-function and scalar units and one non-linear-function 
unit which simulates the dead zone of the generator exciter- 
voltage-limit bias. 


Responses 

The responses obtained from the computer are illustrated 
in Fig. 2 which shows the effects of too much and too little 
damping from the generator-field feedback and the effect of 
the generator-exciter voltage-limit circuit. 


Transfer functions 


One of the seven different transfer functions which can be 
obtained from the linear-function unit is that of differentiator, 
ie. Vo = K(dV;/d,), and in order to obtain this transfer func- 
tion a capacitor is placed in series with the input of a high-gain 
amplifier. This forms a low-impedance path for any high- 
frequency noise which is consequently magnified sufficiently 
to provide distortion of the output. In order to overcome this 
difficulty resistive inputs are taken from in front of and 
behind the amplifier whence the differential is required, and 
the combination of these gives the required result with no 
distortion. This form of feedback has to be used twice in the 
rolling-mill analogue. 


Other function units 


Other function units which fit into the computer include 
the continuous-function, the multiplier, the servo-multiplier 
and the variable-time-switch units. 

The continuous-function unit consists of 21 linear-function 
units whose zone of operation is limited by biased diodes. 
Thus the output of the whole is linear over 21 portions and 
it can provide a fairly accurate model of a generator B/H 
curve. 

The multiplier uses the fact that: 


xy =43[(« + y? —(@ — y)?J 


and contains three amplifiers, two squarers and a scalar unit. 
The problem of controlling the liquid regulator of an Ilgner 
set involves a non-linear servomechanism in which two 
variables are multiplied together. In ordinary mathematical 
analysis this system has to be considered for small changes 
only, thereby linearizing the problem, but a more satisfactory 
analysis in which this approximation is not used can be 
performed on the computer using the multiplier unit. 

The servo-multiplier can multiply four separate variables by 
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a common factor, the principle of operation being that a 
precision motor whose field is fed from an amplifier drives a 
bank of five ganged potentiometers. Four perform the necessary 
multiplication and the fifth provides the reset of the motor. 


iY es nite 

















e f 
| iis inte 
5 
L 
9 h 


2 Machine responses 


a magnetic amplifier 

b control exciter 

c¢ generator exciter 

d normal generator 

e generator—understabilized 

f generator—overstabilized 

g, h generator with progressive application of exciter-voltage limit 





The variable time-switch switches in or out two scalar units 
either after a definite time-delay in the computer cycle or after 
a given point in the analogue reaches a certain potential. It 
can be used where graded rheostatic braking is employed or in 
systems where the amount of damping varies with the ampli- 
tude of one of the variables. 


Accuracy 

Most of the servomechanisms encountered in connection 
with rolling mills have response times between 4 and 10sec, 
and for these applications the computer is accurate within 4%. 
However for longer periodic times the accuracy is slightly less. 


Conclusions 

It seems probable that the use of computers will increase 
steadily and will encourage the application of such systems as 
contactor servomechanisms whose non-linearities do not lend 
themselves to mathematical treatment. 681.142 : 621.317.79 


35 





A review of the Proceedings, Parts A and B (continued) 


Synopses of papers 


THE following are synopses of papers published in the Proceedings which 
have not been read at Institution meetings and which have not been 
reviewed in the Journal. They are included here primarily for reference. 
The papers have not been published individually, as have those for 
reading at meetings, but reprints will be available in due course 





Large-signal two-cavity-klystron 
experiments 


A synopsis of an Electronics and Communications Section paper 
(3130) entitled ‘An experimental investigation of a two-cavity 
klystron operating under large-signal conditions’ by I. M. 
Stephenson, Ph.D., M.Sc., B.Sc. The paper is published 
this month in Part B of the Proceedings. The author is in the 
Electrical Engineering Department, University College London. 


A experimental 2-cavity klystron with a variable drift 
space has been constructed to investigate velocity- 
modulated electron beams. The operating frequency is 
300 Mc/s. Previous experimental work with this valve has 
shown that the space-charge-wave theory accurately predicts 
both the optimum drift length and the output r.f. current 
provided that small signals are used. Recent theoretical work 
on large-signal conditions has enabled some experimental 
results with large signals to be compared with calculations for 
similar, though not quite identical, conditions. 

Both the experiments and the theory show that the optimum 
drift length is considerably reduced when the input signal is 
large. The parameter that determines whether the signal is 
large is not merely the ratio of the modulating r.f. voltage 
to the beam-accelerating voltage but is this quantity multiplied 
by the ratio of signal frequency to plasma frequency. 

621.385.624.2 


Coaxial film bolometer 


A synopsis of an Electronics and Communications Section paper 
(3146) entitled ‘A coaxial film bolometer for the measurement 
of power in the u.h.f. band’ by I. A. Harris, Associate Member. 
The paper is published this month in Part B of the Proceedings. 
The author is at the Electrical Inspection Directorate. 


Be requirements to be satisfied by a transfer element for 
the comparison of u.h.f. with d.c. power are stated under 
the headings of transfer properties and matching and residual 
losses, and the need for a new type of coaxial bolometer is 
discussed in the light of them. The author describes a coaxial 
film bolometer which satisfies these requirements for all 
frequencies between 200Mc/s and 4Gc/s and discusses the 
factors affecting its accuracy. The range of power that can be 
handled directly by the instrument is 2-200mW, the v.s.w.r. 
relative to 50 ohms is of the order of 0-98 and the uncertainty 
in measurement is within 1% for powers between 20 and 
200mW. 

The design is not confined to a particular size. A smaller 
bolometer element which handles powers down to 0-1mW 
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with an upper frequency limit of about 20Gc/s and a larger 
bolometer element which handles powers up to 2 watts with 
an upper frequency limit of 3Gc/s are feasible. 621.317.794 


Quadrature suppressor for a.c. 
servos 


A synopsis of a Measurement and Control Section paper (3134) 
entitled ‘A transistor quadrature suppressor for a.c. servo 
systems’ by I. C. Hutcheon, M.A., Associate Member, and 
D. N. Harrison. The paper is published this month in Part B 
of the Proceedings. The authors are with George Kent Ltd. 


HE authors describe a quadrature suppressor which uses 

four low-power transistors and three indirectly heated 
thermistors. Two of the transistors form a pre-amplifier, 
and two operate in switched mode as a demodulator, driving 
two of the thermistor heaters differentially. The corresponding 
thermistor beads act as a variable voltage-divider which is 
used to control a suppression signal of precise quadrature 
phase. 

The transistors are all direct-coupled and the third ther- 
mistor provides d.c. feedback around the suppressor giving 
thermal stability and constant-output-resistance character 
istics in ambient temperatures between 0° and 60°C. 

The device is analogous to a servo-driven slidewire of 
moderate linearity and will operate with a loop gain of 
several hundred without instability. 621.375.4 : 621-526 


Four-pole non-linear networks with 
linear iterative impedances 


A synopsis of an Electronics and Communications Section paper 
(3114) entitled ‘Classes of 4-pole networks having non-linear 
transfer characteristics but linear iterative impedances’ by 
Prof. E. Colin Cherry, D.Sc.(Eng.), Associate Member, The 
paper is published this month in Part B of the Proceedings. The 
author is Professor of Telecommunication, Imperial College of 
Science and Technology, University of London, 


HE conventional representation of an electric circuit as a 
pattern of branches, nodes and meshes (topological 
graph) is historic. The less familiar representation as a set of 
contiguous rectangles proposed by the author in 1951 froma 
suggestion made by Hering (1927) has many conceptual 
advantages: not only does it represent the network pattern 
topologically but it displays other physical properties, e.g. 
the dual of the circuit is included; the element energies and 
cu-energies (energy duals) are shown; and current and voltage 
magnitudes are represented. This rectangle representation of 
a planar circuit is briefly reviewed and its special application 
to non-linear circuits is explained. 
From simple geometrical symmetry of the rectangle dia- 
grams it becomes immediately obvious that iterative structures 
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(lattices, bridged-T, etc.) may be constructed from dual non- 
linear resistive elements having linear iterative impedances. If 
these can be constructed practically they may be connected 
incascade, without mutual interaction, as non-linear equalizers 
| analogous to Zobel’s constant-resistance phase-equalizers. 

The analogy to Zobel’s networks is shown to be surprisingly 


’ complete though the author can yet find no physical relation 
between these and the present non-linear networks. —_621.372.5 

| Phase-shift keying in fading 

»» | channels 

’ Asynopsis of an Electronics and Communications Section paper 
(3125) with the above title by H. B. Voelcker. The paper is 
published this month in Part B of the Proceedings. The author 

, is in the Department of Electrical Engineering, Imperial College 

; of Science and Technology, University of London, and was 
formerly at the U.S. Army Signal Research and Development 

; Laboratory, New Jersey, U.S.A. 

Ig 

is HE author discusses phase-shift keying (p.s.k.) as a 

re modulation technique for transmitting digital data over 


radio circuits subject to fading. The modest bandwidth 
t- — requirements of p.s.k. modulation suggest that it can not only 
ig f— alleviate spectrum crowding but also transmit traffic with 
| fewer errors. 

The theoretical results indicate however that the random 
f } phase perturbations inherent in fading radio signals cause 
f — unavoidable degradation in the performance of p.s.k. systems. 
% — Experimental data which partially support the theoretical 
results are cited, and comments relevant to the improvement 
of p.s.k. systems are included.  621.396.33 : 621.391.812.3 : 621.376.55 


+ | Comb filters 


y } Asynopsis of an Electronics and Communications Section paper 
e | (3121) entitled ‘An analysis of a type of comb filter’ by A. G. J. 
e | MacFarlane, B.Sc., Graduate, The paper is published this month 
yf | in Part B of the Proceedings. The author was formerly in the 
Department of Electrical Engineering, Royal Technical College, 
Salford, and is now in the Department of Electrical Engineering, 
Queen Mary College, University of London. 


f — basic arrangements of delay unit, combining unit 
a and feedback unit are shown to have amplitude/frequency 
_{ response characteristics of the type which has given rise to the 
n } tame ‘comb filter’. Such filters are useful for the selection or 
. | lection of a train of uniformly spaced regular pulses. 

d The response of the most suitable configurations to such 
¢ | atrain of pulses and to a Gaussian noise input is investigated 
f | With particular reference to the improvement in signal/noise 
1 | tio possible with this type of filter. The practical realization 
of such filters is discussed, and the most suitable forms of 
- | Practical comb filter are indicated. There is a brief discussion 
s | oftheir incorporation into a radar system. 621.372.542.29 
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Transient torque and load angle 
of synchronous machines 


A synopsis of a Supply Section paper (3151) entitled ‘The 
measurement of transient torque and load angle in model 
synchronous machines’ by R. N. Sudan, B.A., Ph.D., V. N. 
Manohar, B.E., M.Sc.(Eng.), Graduates, and B, Adkins, M.A., 
D.Sc.(Eng.), Member. The paper will be published in Part A of 
the Proceedings. The authors are in the Department of Electrical 
Engineering, Imperial College of Science and Technology, 
University of London. 


fh authors describe the development of equipment for 
measuring the torque and load angle of an electrical 
machine in transient conditions and its use in verifying some 
theoretical results. The equipment is used in conjunction with 
a ‘micro-alternator’ which is a small machine specially 
designed to simulate a large generator. 

The torquemeter uses resistance strain-gauges mounted 
on a special coupling connected mechanically to the machine 
shaft. The load-angle meter operates by generating a succes- 
sion of pulses which modulates the intensity of an oscillograph 
beam as it traverses a periodic wave. 

The experiments recorded relate to the following conditions: 


(a) oscillations superimposed on steady operation as a syn- 
chronous machine 


(b) sudden short-circuit of an alternator. 621.313.32 


Transient torque and load angle 
in disturbed conditions 


A synopsis of a Supply Section paper (3160) entitled ‘Transient 
torque and load angle of a synchronous generator following 
several types of synchronous disturbance’ by D, B. Mehta, 
B.E., M.Sc.(Eng.), Graduate, and B. Adkins, M.A., D.Sc.(Eng.), 
Member. The paper will be published in Part A of the Proceed- 
ings. The authors are in the Department of Electrical Engineer- 
ing, Imperial College of Science and Technology, University 
of London. 


fb. authors develop theoretical methods of calculating 
the variation of torque and load angle of a synchronous 
machine connected to a fixed supply voltage. In order to 
supplement and explain the results of recent full-scale tests 
the following conditions are considered: 


(a) after a sudden short-circuit 

(b) after switching in a reactance between the generator and 
the supply 

(c) asynchronous operation 

(d) resynchronization after asynchronous operation. 


Experimental equipment for measuring the variations of 
torque and load angle of a small synchronous machine 
described in a companion paper (3151) was used to verify 
the theoretical results for each of the above conditions. The 
machine tested was a model alternator or ‘micro-alternator’ 
which simulates a typical large machine. The special laboratory 
equipment is of great value for studying in detail the factors 
governing the performance of large alternators. 621.313.322 
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LEONARD HULFORD LODER BADHAM 


Leonard Hulford Loder Badham who died suddenly on the 3rd 
August 1959 while on holiday in Natal was born at Southend on Sea, 
Essex, on the 12th August 1900. He was educated at Empire House 
School, Margate, Rugby College of Technology, City and Guilds 
College and the University of London and was a student apprentice 
with the British Thomson-Houston Co., Rugby. In the 1914-18 
War he served with the Royal Engineers. 

From 1924 to 1932 he served with the B.T.H. Co. as a turbo- 
generator engineer and during the latter part of this period was 
technical adviser on turboelectric ships to the Peninsula and 
Oriental Steam Navigation Co. He was then sent to South Africa as 
technical engineer for the company, which position he held until 
1935. He decided to settle in South Africa and with L. H. Marthin- 
usen and P. Herd formed the Switchgear and Erection Co. (Pty.), 
holding the position of managing director of this firm and later of 
the Switchgear and Engineering Corporation of S.A. (Pty.). 

His activities beyond his own immediate business interests were 
wide. He served as president of the Steel and Engineering Industries 
Federation of South Africa; on the Council of the Institution of 
Production Engineers of South Africa; as chairman of the Electrical 
and Allied Industries Association and of the National Industrial 
Council for the Electrical Engineering Industries of South Africa; 
and on the National Industrial Council for the Iron, Steel, Engi- 
neering and Metallurgical Industries. 

He was keenly interested in the training of engineers and held 
positions on various educational committees as well as being vice- 
president of the Student Engineers’ Council of the University of 
the Witwatersrand. He was always ready to assist both the university 
and the Witwatersrand Technical College; and his interest and 
generosity were evinced by the assistance he gave to building up the 
technical library. On his passing, donations were asked to be sent in 
place of floral tributes to the university for a book fund. 

During World War II he was adviser to the director general of war 
supplies on degaussing and bomb disposal and a member of various 
war-time committees. He was president of the South African 
Institute of Electrical Engineers in 1945 and was elected an Honorary 
Member in 1957. 

Four years ago he went through a very trying period owing to ill 
health but fought back with characteristic courage and eventually 
was able to resume his work though his eyesight had deteriorated 
seriously. After his recovery and return to almost normal activities 
his unexpected death came as a great shock. He will be missed by all 
who were privileged to work with him. He is survived by his widow 
and two sons. 

He joined The Institution as a Student in 1919 and was elected an 
Associate Member in 1928 and a Member in 1940. He was awarded 
a premium for his paper entitled “The nine-ring rotary convertor’ 
which was published in the Journal in 1929. A. W.L. 


ROBERT IRONSIDE BAGNALL 


Robert Ironside Bagnall who died on the Ist July 1959 was born 
on the 9th June 1878. He was educated at the Roan School, Green- 
wich, and while apprenticed to an electrical engineering f-m he 
studied part-time at Goldsmith’s Institute, New Cross. 

In 1896 he joined Johnson and Phillips where he remained for 
10 years. In 1908 he was engaged as manager by the Foster Engineer- 
ing Co., Wimbledon, to organize a transformer department. 
At this time metal-filament lamps required a supply at 50 volts and 
there was a demand for auto-transformers which inspired the 
formation of the department. He was appointed a director of the 
company in 1932; in 1942 he gave up full-time employment but 
was retained in a consultative capacity as technical adviser. He 
retired in 1958. 

At the time of the South African War he was a volunteer, and in 
1914 he enlisted under Lord Derby’s scheme but was not called up 
owing to the importance of his engineering services. Throughout 
the Second World War he was an air-raid warden. 

For some years he was a churchwarden at St. Swithun’s, Hither 
Green Lane, and was also an active member of the Conservative 
Association at Lewisham. He was an enthusiast in small-bore rifle 
shooting and served as chairman of Addiscombe Rifle Club. A 
workshop in his garage gave scope for his electrical developments 
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and model-making. He was a great lover of cats and dogs, a 
succession of which gave him much happiness. His greatest recrea. 
tion was travelling in Austria, Germany, Switzerland and Frane 
in which he gained much enjoyment not only from varied ) 
but from observation of the customs of the people and the historical | 
associations, on which subjects he had very wide knowledge. His | 
greatest attribute was a gentle and kind nature. 

He became a widower in 1935 and is survived by two daughter, | 

He joined The Institution as an Associate Member in 1919 and 
was elected a Member in 1936. R. MC 





BERNARD FREDERICK BROWNE 


Bernard Frederick Browne, 0.B.E., who died on the 25th August 1959 
was born on the Ist February 1881. He was educated at Forest Hil) 
House School and was a pupil with F. Livesly before attending 
Finsbury Technical College for two years for his engineering 
education. In 1898 he joined the South Metropolitan Gas Co. asan 
engineering assistant. 

He commenced his career in South America in 1902 when he 
became engineer and manager with the Primitiva Gas Co., Buenos 
Aires. He subsequently came back to England to resume his 
technical studies in 1910, returning to Brazil in December 1911 to 
assume the management of the City of Santos Improvements Co. 
which at that time held concessions for the electricity, gas and water 
supplies and also tramway services. He retired from Brazil in 1937 
and during the Second World War held an assignment for the 
British Government in Portugal and another in Greece after the 
war. 

Other positions held by him included being a director of the 
Société Anonyme du Gaz, Rio de Janeiro, and of the Sao Paulo 
Gas Co., besides serving as a consultant for the Brazilian Traction, 
Light and Power Co. 

He took a great interest in many local charitable institutions and 
hospitals and was appointed a Cavalier of the Order of Christ, 
Portugal, for his work in this regard. 

He joined The Institution as an Associate Member in 1912 and 
was elected a Member in 1923. He was appointed an Officer of th 
Order of the British Empire in 1947. He was also a Member of The 
Institution of Civil Engineers. R.G.C.E 





THOMAS EDWARD GOLDUP 


Thomas Edward Goldup, c.B.E., PAST-PRESIDENT, who died suddenly 
on the 6th October 1959 was born in London on the 30th April 1894. 
In preparation for a naval career he received his later education at 
the Royal Naval College, Greenwich, and in 1914 joined the research 
staff of the Admiralty Signal School, Portsmouth, as a lieutenant. 
He held various appointments during the 1914-18 War and in 
1917-18 was wireless officer of the Portsmouth trawler division. In 
1919 he became the civilian senior experimental officer at the Signal 
School where he became responsible for the development of) 
transmitting and receiving valves; and when he joined the Mullard 
Co. in 1923 he became responsible at its Balham factory for the} 
manufacture of transmitting and receiving valves for Government 
services. 

In 1928 he left Balham for the company’s head office to set upa 
technical service department to deal with customers’ problems, a 
post which brought him into contact and collaboration with many | 
radio engineers outside the firm. He became a director of Radio 
Transmission Equipment Ltd. in 1938, of the Mullard Radio Valve 
Co. in 1940 and of Mullard Ltd. in 1951. 

He took a very active part in Institution affairs: he joined as 
a Graduate in 1922 and was elected an Associate in 1929, an 
Associate Member in 1935 and a Member in 1940. He was a member 
of the Wireless Section and served as chairman of the Section in 
1943-44. In 1952 he was elected a vice-president and was President 
in 1957-58. 

In 1954 he was appointed a Commander of the Order of th! 
British Empire and was elected a Fellow of the American Institute 
of Radio Engineers ‘for his pioneering achievements for the design 
and development of thermionic tubes and his contributions to the 
technical and administrative achievements of the British radio 
industry’. During his period of service as a vice-president of 
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Institution he took great interest in the education and training of 
young engineers. He served as chairman of the Education and 
Training Committee and of the Examinations Committee and also 

nted The Institution on numerous bodies concerned with 
the furtherance of engineering education and training. _ 

As President he was called on to represent The Institution at the 
fourth Conference of Engineering Institutions of the British 
Commonwealth in Australia and the sixth Conference of the 
Engineering Societies of Western Europe and the United States in 
New York. These duties provided him with the opportunity of 


| visiting many of The Institution’s oversea centres and Joint Groups, 


of expressing the Council’s deep interest in their affairs and of 


| encouraging the further development of their activities. 


Tom Goldup brought to this multiplicity of technological and 


| educational activities an exceptional charm and kindliness of 


character. His overriding concern was the stimulation of ideas and 
initiative in others and particularly in young people, to whose 
interests and well-being he was passionately devoted and from whose 
progress he derived great satisfaction. Within his own company he 
created an ideal environment in which his junior colleagues could 
mature in responsibility and he was always readily available to 


| guide them in times of difficulty. Outside his company he made his 
| private time fully available as adviser and supporter to those who 


were devoted to the same objectives. 

It would be readily understandable had there been left no time 
for the pursuit of other interests. Indeed not many knew of his deep 
interest in music and of his skill as an organist and it was charac- 
teristic that this should find expression in his service as honorary 
organist at Christ Church, North Brixton, continuously from 1933 
to the evening before he died. 

It is given to few to leave behind such a wealth of gratitude and 
affection and an example of service which will be a continuing 
inspiration to those who were privileged to know him well. 

He is survived by his widow, a son and a daughter. 

He served on the General Purposes Committee in 1958-59, on 
the Finance Committee from 1954 to 1956, on the Oversea Activities 
Committee in 1958-59, was a member of the Court of Governors 
of the Incorporated Benevolent Fund in 1958-59, and served as 
chairman of the Committee on Regulations for the Electrical 
Equipment of Aircraft from 1957 to 1959. A. J. G./w. J. 

A memorial service for Mr. Goldup was held in the Queen’s 
Chapel of the Savoy on the 28th October 1959. Among those 
present were Mrs. Goldup and other members of the family, the 
President, Mr. S. E. Goodall (Immediate Past-President), Mr. 
H. T. Young, Mr. J. R. Beard, Sir Noel Ashbridge, Sir John 
ee Col. B. H. Leeson, Sir Harold Bishop, Sir Gordon Radley 
(Past-Presidents), Mr. A. H. Mumford (Vice-President), and other 
members of Council. The service was conducted and the address 
given by the Chaplain to the Council, the Rev. C. L. Cresswell, 
K.C.V.0., M.A., assisted by the Rev. H. E. Wallace and Prebendary 
E. H. Williams-Ashman. 


FRANCIS WILLIAM LEAKE 
Francis William Leake who was born on the 2nd August 1894 died 


* on the 13th October 1959. He was educated at Wesleyan School, 


Derbyshire, and part-time at Lady Manners School, Bakewell, 


| while apprenticed to the D.P. Battery Co. He remained with the 


company as a storage-battery engineer working in England and Ire- 
land and one interesting piece of work was the installation of 


| batteries in the lighthouse on Valentia Island. 


He joined Crompton and Co. in 1915 and was attached to the 
staff of their agents in Calcutta, Martin and Co. In 1932 he became 
principal assistant in India with British Insulated Cables Ltd. in 
Calcutta, eventually becoming manager for India. He was also 
director and chairman of the Indian Cable Co. His Indian career 
terminated in 1937 when he was transferred to the London head 
office of B.I.C. where he held a succession of responsible positions, 
but he revisited India when he accompanied Sir Alexander on 
the Roger Mission to India and China. In 1956 he was appointed 
sales manager, works administration, for the amalgamated British 
Insulated Callender’s Cables. He retired in August 1959 and to 
the very great regret of his friends died two months later. His wife 

sed him by less than three months. He is survived by his son. 
He left behind him most happy memories of his Calcutta career. 
Ye was a proficient golfer and won many Indian golf trophies, but 
more than that he was a thorough sportsman and good friend and 
his jovial presence much benefited the circle of Calcutta engineers 
who were always a band of brothers. 

He joined The Institution as an Associate Member in 1938 and 
was elected a Member in 1942. W. G. H. 
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FREDERICK NEWTON 


Frederick Newton who died at his home at Yoxall on the Ist 
November 1959 was born on the 2nd April 1885. He was educated 
at Derby Secondary School and part-time at Derby Technical 
College while receiving practical experience with Newton Brothers, 
Derby, and the British Thomson-Houston Co., Rugby. 

He went back to Newton Brothers in 1905 for a year, transferred 
as assistant electrical designer with Vickers Sons and Maxim, 
Sheffield, and returned to Newton’s in 1907 as engineer and designer. 
He became chief engineer and designer in 1912 and technical director 
in 1918. He was the last of five brothers, three of whom founded a 
private concern in 1899 which was the forerunner of the present 
company. Towards the end of the 1914-18 War he produced the 
first design for a small aircraft generator which was wind-driven 
and in 1918 a generator designed by him was adopted as standard 
equipment for the Air Force and remained so, with changes, 
until 1928. 

The early wind-driven generator was subject to variations in 
speed dependent on the speed of the aircraft and he invented and 
subsequently patented, in association with Marconi’s Wireless 
Telegraph Co., a constant-speed windmill. This in turn involved 
the design and manufacture of a wind tunnel for the purpose of 
testing and adjusting these windmills. 

In 1938 he designed an automatic carbon-pile voltage and current 
regulator. The adoption of this ensured a constant voltage from the 
generator independent of speed and load variations. The automatic 
regulator proved its possibilities and considerable quantities of 
various types and capacities were produced during the recent war 
and fitted in every British and American aircraft. The regulator is 
still a standard fitment in many aircraft and is also used for the 
control of voltage of generators providing power supply in connec- 
tion with radar and telecommunication equipment generally and 
for many industrial purposes. 

He retired as technical director in 1947 but continued as technical 
consultant until 1954. He remained a member of the board of 
directors until his death. 

He is survived by his widow, two sons and a daughter. 

He joined The Institution as an Associate Member in 1944 and 
was elected a Member in 1946. F. V. P. 


HARRY RICHARDSON 


Maj. Harry Richardson, 0.B.E., M.C., T.D., J.P., F.R.S.E., who died 
on the 13th September 1959 at Spaxton, Somerset, was born on the 
21st April 1878. He was educated at the City of London School 
and was a mechanical apprentice with Frank Ashwell for five 
years before completing three years’ electrical training with 
Siemens Brothers, Woolwich. 

After two years with the National Electric Supply Co., Preston, 
and two years as chief assistant engineer with Newcastle Corpora- 
tion he joined Dundee Corporation in 1902 as chief electrical and 
tramways engineer in the electricity department. In 1908 he was 
appointed chief engineer and manager with the corporation and the 
Carolina Port generating station was built during his time there. 
During the First World War he served in the Royal Engineers at 
home and abroad, attaining the rank of major. 

In 1922 he came south to take over as general manager of the 
Metropolitan Electric Supply Co. He was invited to serve on the 
board in 1927 and in 1941 became chairman and managing director 
of the company and its associated group of companies. In 1947 he 
became chairman of the London Power Co. with which he had been 
closely associated since its formation in 1925. Following vesting 
day he served as a part-time member of the Southern Electriciy 
Board until 1954 when he finally retired, still young in heart and 
vigorous in outlook, continuing to take a deep interest in many 
aspects of electricity supply. 

He served as president of the Incorporated Municipal Electrical 
Association, chairman of the London Electricity Supply Association 
and president of the Incorporated Association of Electric Power 
Companies. 

The outstanding feature of his character was its strength, firmness 
and drive, but coupled with integrity, great kindness of heart and 
humour which was always emerging from beneath the outward 
sternness. The great respect which he inspired in his staff was and 
still is ample evidence of these qualities. 

He was interested in fishing and golf and was a great lover of both 
the English Lakes and the Highlands in which parts he spent a 
great deal of his leisure on holidays. Since the death of his wife his 
daughter had lived with him and his latter years had been centred 
on his two grandchildren. 


39 








He joined The Institution as an Associate Member in 1901 and 
was elected a Member in 1905. He served on the Scottish Centre 
Committee in 1921-22 and was chairman of the Dundee Sub- 
Centre from 1920 to 1922. He was a Member of The Institution of 
Mechanical Engineers. 


ARTHUR ALBERT ROWSE 


Arthur Albert Rowse, C.B.E., M.A., B.SC., WH.SC., who died on the 
27th June 1959 was born at Sheerness on the 10th March 1885. 
After serving a three-year apprenticeship at Portsmouth Dockyard 
he studied electrical engineering at City and Guilds College, where 
he obtained a B.Sc. honours degree in engineering, and at Cambridge 
University for five years, gaining an M.A. honours degree in 
engineering. 

In 1912 he became engineering adviser to the Board of Education 
for two years and then was superintendent engineer to the Ministry 
of Munitions during the 1914-18 War. In 1918 he was appointed 
production director of Morris Motors, Cowley, leaving in 1933 to 
become factory consultant and later managing director of Telsen 
Electric Co., Birmingham. In 1934 he was made joint managing 
director of Gambrell Radio Communications, London; in 1936 
general manager of the aircraft division and later consulting 
engineer with Rootes Securities, London; and in 1939 controller of 
machine tools with the Ministry of Supply. 

He was chairman of S. G. Brown, Counting Instruments, Rowse 
Industrial Development Co., Langley Alloys, and Venner Accumu- 
lators where he did a great deal of work in connection with time 
switches, clocks and parking meters. He was also a director of Metal 
Castings, Worcester, and Webley and Scott, Birmingham. 

He had first-class qualities as an organizer and a man of great 
foresight and was a very lovable person who could always see 
other people’s points of view and took them into consideration. 

He joined The Institution as an Associate Member in 1934 and 
was elected a Member in 1939. He was appointed a Commander of 
the Order of the British Empire in 1946. 


WALTER ALEXANDER TURNBULL 


Walter Alexander Turnbull who died at his home at Terrick, 
Buckinghamshire, on the 26th September 1959 was born in Sunder. 
land on the 17th June 1879. He was educated at Rutherford 
College, Newcastle, and at Durham University after four yeary 
experience with Sunderland Forge and Electrical Engineering Co, 
His first position in the electrical industry in 1902 was with 
Corporation where he was concerned with the installation of the 
tramway system. He became chief assistant engineer at York ip 
1906 and resident engineer at Stoke on Trent in 1910. 

In 1913 he was appointed borough electrical engineer with 
Aylesbury Electricity Undertaking where he remained until he 
retired in 1936. He commenced at the inauguration of the supply 
of electricity to Aylesbury and in 1926 the corporation extended its 
areas to Tring, Thame, Princes Risborough and Wendover. He was 
a pioneer in rural development. 

His approach to the problem was unorthodox but very practical, 
He was determined to make this area pay, so in order to reduce the 
cost of mains he installed 11kV overhead lines with light steel 
conductors. He went a step further with regard to h.v. farm services 
by employing a single conductor with an earth return. This was the 
first time that such a construction had been carried out in this 
country or perhaps anywhere else. Owing to the alleged risks of 
earth-return currents this system of farm connection was not 
continued. 

He was always very enthusiastic in his approach to developing 
the sparsely populated areas and was at times a little impatient of 
those who took the more orthodox views. His simplicity in design 
set a pattern for much of the rural development in this country. 

He is survived by his widow, three daughters and two grand. 
children. 

He joined The Institution as a Student in 1901 and was elected 
an Associate Member in 1905 and a Member in 1930. He was an 
Honorary Member of The Institution of Civil Engineers anda 
Whitworth Exhibitioner. H. W. G, 





EXCHANGE OF A.G.R. 
INFORMATION 


HE United States Atomic Energy Commission and the 

United Kingdom Atomic Energy Authority have signed a 
five-year agreement to exchange technical information on 
advanced gas-cooled reactors. 

The exchange will be carried out under the terms of the 
United States-United Kingdom agreement for co-operation 
in the civil uses of atomic energy which has been in effect 
since 1955. 

Knowledge will be exchanged on development, design, 
construction, operation and research concerning the advanced 
gas-cooled reactors being built at Windscale and the United 
States experimental reactor project at Oak Ridge National 
Laboratory. Information exchanged under the agreement 
will be made available to British and American industry. 





Uganda power for Kenya 


O-OPERATION between Uganda and Kenya in the matter 

of electricity supply has been taken a step further by 

the grant to the Uganda Electricity Board by the Kenya 

Government of two distributing licences. These licences 

empower the board to provide supplies of electricity directly 

to consumers at Busia Sub-Town and Itesio Leprosarium in 
Kenya. 

Both places are too far distant from the nearest scene of 
activities of Kenya’s normal suppliers to make them an 
economic proposition for those suppliers, and the leprosarium 
authorities accordingly invited the board to furnish electricity. 
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NEW MODEL FORM FOR EXPORT 
CONTRACTS 


NEW Model Form of General Conditions of Contract 

known as ‘B.2’ (1960)—Export contracts—delivery f.0.b, 
c.f. or f.o.r., with supervision of erection has been prepared by 
the Joint Committee on Model Forms of General Conditions 
of Contract of The Institution of Mechanical Engineers and 
The Institution of Electrical Engineers and published under 
the authority of the Councils of the two institutions. 

The I.E.E. Model Form B.2 (1928) (Export—including 
complete erection or supervision of erection) which has 
remained temporarily in being to provide for electrical 
export contracts with supervision of erection is now completely 
superseded and has been withdrawn. 

The complete range of export Model Forms issued jointly 
by the two Institutions thus becomes: 


“B.1’ (1956) (Export—delivery f.o.b. or c.i.f.). . 4s. 6d. 
“B.2’ (1960) (Export contracts—delivery f.o.b., c.i.f. 
or f.o.r., with supervision of erection) . 4s. 6d. 


“B.3’ (1954) (Export contracts—including delivery to 
and erection on site of electrical and mechani- 


cal plant) 5s. 0d. 


Copies may be obtained from the Secretary of The Institution 
at the prices indicated above which include postage. 
Following an approach in 1952 by the Association of 
Consulting Engineers it was agreed that the Association 
should adopt and recommend to its members the use of the 
joint export Model Forms, and the name of the Association 
accordingly appears on the title-page of each Model Form. 


JOURNAL I.E.E. 
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PAPERS 


Digital-computer store with very short read time Paper 3178M: 
Part B 
T. KILBURN, M.A., PH.D., D.SC., and R. L. GRIMSDALE, M.SC., PH.D. 


que authors describe the principles of operation and the construction 
of storage units with a very short access time for reading. One form 
of the store which has been built has a capacity of 200 000 bits of 
permanent information and another has been made with a capacity 
of 100000 bits the whole contents of which may be changed in 
under one minute. 

The technique employed permits the construction of very large 
stores at low cost. Each digit cell is formed basically by two sets of 
windings which form the primary and secondary of a transformer, 
and the two binary states are determined by the presence or absence 
ofa piece of linear ferrite material coupling the windings. The access 
time is largely established by the physical size of the store and the 
speed of operation of the associated circuits; a time of 100 milli- 
microsec is typical. 


To be read on the Ist March 1960 


Thermistors, their theory, manufacture and application Paper 
3176M: Part B 


R. W. A. SCARR, B.SC.(ENG.), PH.D., and R. A. SETTERINGTON, B.SC. 


THERMISTORS are components of comparatively recent development 
although the phenomenon of conduction in metallic salts was 
recorded by Faraday over a century ago. 

The authors in a broad survey of thermistors describe the theory 
of their operation, explain why they in common with other semi- 
conductor devices possess a negative temperature coefficient of 
resistance, and develop the expressions which govern their 
parameters. 

Methods of manufacture of the various forms of thermistor are 
outlined in general terms, and numerous applications of the device 
are discussed. Guidance is given on the approach to circuit problems, 
and the possibilities of exploiting some of the device’s interesting 
and unusual properties are indicated. The point is made that the 
thermistor can now be used in many fields as an adequate alterna- 
tive to components of more specialized application. 


To be read on the 5th April 1960 


Electrostatic dust monitor Paper 3184s: Part A 
D. H. GRINDELL, PH.D., B.SC.(ENG.) 


A SMOKE or dust particle carried by an airstream and subjected to 
high-voltage corona acquires a charge approximately proportional 
to its external surface area. If such ionized particles are precipitated 
at a collector electrode the resultant flow of charge constitutes a 
current proportional to the rate of deposition of total dust surface, 
and a significant measure of the toxicity of a chimney discharge 
is obtained. 

The author outlines the theory of a dust monitor incorporating 
this principle, describes some experiments in smoke measurement 
and examines the operation of prototype equipment in a pulverized- 
fuel-fired boiler installation. 


To be read on the 13th April 1960 


Shielding of overhead lines against lightning Paper 3172s: Part A 
J. H, GRIDLEY, PH.D., B.SC.(ENG.) 


MOST Overhead transmission lines carry overrunning earth wires 
one function of which is to shield phase conductors from direct 
lightning strokes. Published theories of shielding are incompatible 
with modern knowledge of lightning. The author emphasizes the 
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PAPERS AND MONOGRAPHS 
published individually this month 





Papers accepted for reading at meetings and monographs are first 
published individually and are republished later in the Proceedings of 
The Institution; as soon as the separates are available they are 
described in this feature. The papers are supplied free of charge; the 
price of a monograph is 2s. 

In addition reprints of papers read at meetings including the discus- 
sions thereon and of papers not read at meetings become available, 
price 2s., within two months of their appearance in the Proceedings. 

Applications quoting the serial number of the paper, monograph or 
reprint as well as the author’s name and accompanied by a remittance 
where appropriate should be addressed to the Secretary of The 
Institution. For convenience books of five vouchers for this purpose 
can be obtained in advance, price 10s. 

Those who obtain a copy of a paper published individually are 
urged—if they do not take the Part of the Proceedings in which it will 
be republished—to apply in due course for a reprint as this is the final 
and correct version and includes the discussion 








importance of the charges bound on the earth wire and phase con- 
ductor by the leader stroke. Equality of charges is taken as a con- 
dition in which both wires are equally likely to be struck. For 
adequate shielding the charge on the earth wire should exceed that 
on the conductor. 

The charges are calculated from the field due to the leader and it 
is shown that equality of charges corresponds to both wires lying 
on the same equipotential of the leader. The limiting position for 
protection is determined by the slope of the equipotential and as 
this depends on the distance between leader and transmission line, 
the limiting value of which depends on the stroke current, the 
protection afforded is a function of stroke current. Calculation 
suggests that shielding is normally adequate for conductors in a 
wedge of semi-vertical angle 45° of which the apex line is the earth 
wire. 

To be read on the 4th February 1960 


Electricity in the manufacture of hydrogen peroxide Paper 3196U: 
Part A 
B. E. A. VIGERS, M.A., and R. O. FLETCHER, B.SC. 


THE authors give a brief history of the development and uses of 
hydrogen peroxide and refer to the various methods of production 
that have been adopted. In addition to its employment for bleaching 
and as a chemical reagent hydrogen peroxide can serve as a highly 
compact source of stored energy. The electrochemical process is 
discussed in some detail and reference is made to the electrical 
characteristics affecting the design of some types of electrolytic cell. 

A modern factory with an electrolytic load of 11 MW is described 
and the main features of the electrical system peculiar to this type 
of plant are explained. Mention is made of the other services 
involved and of the use of back-pressure turbines and generating 
plant. A note on the economic aspect suggests that if the electro- 
lytic process is to continue a realistic determination of the costs of 
electricity supply should be related to a special tariff. 

To be read on the 18th February 1960 


MONOGRAPHS 


Some results on the cross-capacitances per unit length of cylindrical 
three-terminal capacitors with thin dielectric films on their electrodes 
Monograph 351M 

D. G. LAMPARD, M.SC. PH.D., and R. D. CUTKOSKY, B.SC. 

THE effect on the cross-capacitances per unit length of cylindrical 
3-terminal capacitors of thin dielectric films on the capacitor 
electrodes is discussed. 
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Papers and monographs (continued) 


It is assumed that the cross-section of such dielectric films remains 
constant throughout the length of the capacitor. Some conformal 
transformations of basic cylindrical capacitor cross-sections are 
given. When these are applied to a symmetric cylindrical capacitor 
with a thin dielectric film on its electrodes the results suggest that 
the mean capacitance per unit length may remain constant to the 
first order despite the presence of the dielectric film. The same 
methods also suggest that the individual cross-capacitances per 
unit length may remain constant to the first order provided that the 
dielectric film is disposed symmetrically with respect to the capacitor 
symmetry plane. 

Further support for these conjectures is given by the results of a 
detailed calculation of the cross-capacitances per unit length of a 
parallel-plate cylindrical capacitor with a thin, uniform dielectric 
film on one electrode. A lemma concerning the existence of an 
equivalent dielectricless capacitor is given, followed by the proof of 
general results of the type suggested by the previous working. 


Explicit form of f.m. distortion products with white-noise modulation 
Monograph 352€ 
R. G. MEDHURST, B.SC. 


WHEN a frequency-modulated wave passes through a network 
whose phase or amplitude characteristics vary non-linearly with 
frequency. distortion terms appear as both frequency and ampli- 
tude modulation of the output wave. If the characteristics are 
expressed as power series these distortion terms appear, to first 
order, as products of powers of time derivatives of the unwanted 
frequency modulation. When the frequency modulation may be 
simulated by a band of random noise (as in multiplex telephony 
carrying large numbers of channels) the spectra of the distortion 
products can in principle be described by simple algebraic functions 
of the characteristics (i.e. the minimum and maximum frequencies 
and the r.m.s. frequency deviation) of the modulating noise band. 

Except in certain special cases the derivation of these algebraic 
formulae by straightforward analytical methods becomes pro- 
hibitively tedious for distortions of order much above the second. 
However once the formulae are found the insertion of numerical 
values for particular cases is straightforward. The author shows 
how the problem can be reduced to the repetition of a number of 
standard operations which can be carried out using a digital 
computer. 

The technique is illustrated by application to fourth-order dis- 
tortion appearing in the amplitude modulation, generated by terms 
in the amplitude characteristic up to sixth degree. Even in such 
an apparently simple case as this it appears from the literature 
that the closed form of the distortion formula has not hitherto 
been obtained. This example is of direct practical interest since for 
instance the amplitude characteristic of a maximally-flat-amplitude 
triple-tuned circuit is of sixth degree in the region around the mid- 
band frequency. With a minor modification the resulting formula 
also applies to fourth-order distortion appearing in the frequency 
modulation owing to terms in the phase characteristic up to sixth 
degree. 

Use is made of a discontinuous contour integral applied to a 
similar but somewhat simpler case by Bennett: a closely analogous 
course can be followed using the more recently developed theory 
of generalized functions but in this particular problem the contour- 
integral method is more economical. 

Formulae for the various orders of distortion in the top channel 
due to amplifier and discriminator characteristics are given in 
tabular form. 


Approximation to the harmonic response of saturating devices 
Monograph 353M 
R. J. KAVANAGH, B.SC., M.A.SC., PH.D. 


THE author derives an analytical expression for the describing 
function and for the Fourier coefficients corresponding to saturating 
systems which are excited by sinusoidal signals. The saturation 
characteristics are assumed to be symmetrical and single-valued. 
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The method involves an approximation of the actual system 
characteristic by means of an exponential curve. 

The results are set out in the form of graphs of the fundamental 
and third-harmonic components of the system output and a graph 
of the system describing function. The latter will be of use in the 
analysis of non-linear feedback systems. A comparison is show 
between the present method and the technique of approximating 
saturation characteristics by means of straight lines. Formulae ar 
given by means of which the higher-order harmonic components of 
the system output may be computed. 

Secondary results presented are tables of the modified Struve 
functions L;(z) and L2(z) which are not available elsewhere in the 
literature. 





Opportunities for further education 


WIDE choice of courses at local technical colleges, uni- 

versities and colleges of technology is shown in the lists 
published by the regional advisory councils concerned with 
further education in England. 

In London and the Home Counties for instance full-time 
students are accepted at four London University colleges and 
four other London technical institutes besides seven colleges 
in the Home Counties for courses leading to the B.Sc.(Eng) 
degree provided that they possess the minimum qualifications 
required by London University. Dip.Tech.(Eng.) courses can 
be entered at Brunel College of Technology as well as at 
five London colleges and polytechnics, usually on a sandwich 
basis. 

Direct preparation for Part III of the Institution Examina- 
tion is given at no fewer than 18 colleges in the area. H.N.C. 
courses in electrical engineering are widely available for part- 
time or evening study, and those in control engineering and 
instrument technology are provided at two institutes. 

Most of these courses take several years to complete and 
inclusion of subjects in partly related fields would extend them 
still more. To enable those engaged in the industry to be 
brought up to date with developments in related fields—and 
even in their own field—and to provide a ‘finishing’ for 
students who have completed one of the long courses, tech- 
nical institutes and universities throughout the country 
arrange short series of lectures, usually for evening but some- 
times for full-time attendance. Popular subjects in electrical 
engineering are digital computers, automatic-control systems 
and microwave techniques. 

The lists published by the advisory councils can be obtained 
from the respective secretaries at these addresses: 


London and Home Counties Regional Advisory Council 
for Technological Education, Tavistock House South, 
Tavistock Square, London W.C.1; East Anglian Regional 
Advisory Council for Further Education, County Education 
Office, Stracey Road, Norwich; Regional Advisory Council 
for the Organization of Further Education in the East 
Midlands, 12 King John’s Chambers, Bridlesmith Gate, 
Nottingham; West Midlands Advisory Council for Technical, 
Commercial and Art Education, 161 Corporation Street, 
Birmingham 4; Northern Advisory Council for Further 
Education, 5 Grosvenor Villas, Grosvenor Road, Newcastle 
upon Tyne 2; and Regional Council for Further Education 
in the South West, 12 Lower Castle Street, Bristol 1. 


JOURNAL I.E.E. 
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TECHNICAL PUBLICATIONS 









Further information and copies of the publications can be obtained 
from the organizations concerned except where otherwise stated 


BRITISH STANDARDS INSTITUTION 


BS. 148: 1959 
8s. 6d. 

THE revision applies to unused insulating oil for the immersion or 
filling of transformers, switchgear and other electrical equipment 
requiring oil as an insulant or for heat transfer. High-viscosity oils 
and those used with cables and capacitors and for special impregna- 
tion purposes are not included. 


Insulating oil for transformers and switchgear. 


BS. 171: 1959 Power transformers. 20s. 


INCORPORATING B.S. 422: 1931 “Transformer inter-turn insulation’ 
the new standard now applies to power transformers, reactors and 
earthing transformers having windings with class A, B, H or C 
insulation. Both dry and oil-immersed types are specified; and 
insulation levels, temperature-rise limits and terminal markings 
are given. 

BS. 214: 1959 Enclosed distribution fuseboards for low and medium 
voltages. 5s. 


THE standard deals with service conditions, ratings, types of fuse- 
board, etc. and is now confined to enclosed distribution boards for 
use where the maximum current in each outgoing circuit is not more 
than 200amp and the voltage to earth not more than 250 volts. 


BS. 448: Section BSB/F: 1959 Electronic-valve bases, caps and 
holders. 2s. 


THIS nine-page document specifying the dimensions of the B5B/F 
valve base and outline replaces Section B5B of B.S. 448: 1953. 


BS. 822: Parts 3 and 4: 1959 Terminal markings for electrical 
machinery and apparatus. Part 3—Terminal markings for power 
transformers. 6s. Part 4—Terminal markings for indicating and 
graphic-recording instruments. 4s. 


PART 3 applies to transformers complying with B.S. 171: 1959 (see 


above). Part 4 provides terminal markings for indicating and graphic- 
recording instruments whether designed for direct connection in a 
circuit or for use in conjunction with instrument transformers. 


B.S.977: 1959 Braided travelling cables for electric lifts. 4s. 


THIS revision brings requirements into line with those of other 
revised standards for rubber-insulated cables (tough-rubber- 
sheathed cables are excluded). Construction changes have improved 
flexibility and a new flexibility test is quoted. 


BS. 1556: 1959 Electric immersion heaters for domestic hot water 
supply. 5s. 


PERFORMANCE requirements of thermostatic immersion heaters are 
now included. These should ensure satisfactory operation even if 
the thermostats are not in accordance with B.S. 1555 ‘Thermostats 
for electrically-heated domestic hot water supply (a.c. only)’. 


BS. 1815: Part 3: 1959 Enamelled and cotton-covered copper 
conductors (oleo-resinous enamel). Part 3—Round wire: metric 
units. 4s. 6d. 


METRIC versions of standards for covered winding wires are being 
published as Parts 3 of the corresponding standards in British units. 
The requirements are essentially the same except that metric measure 
is used throughout. See also B.S. 2479 and B.S. 2480 below and 
BS. 1933 on p. 318 of the May 1959 Journal. 


JANUARY 1960 


B.S. 2112: Part 1: 1959 Fixed carbon resistors for use in telecom- 
munication and allied electronic equipment. Part 1—General 
requirements and tests. 10s. 

THE standard applies to resistors having a dissipation of less than 
3 watts at 70°C and a rated resistance not less than 10 ohms and 
not more than 10 megohms intended for use at —40° to + 100°C in 
one of the humidity classes of B.S. 2011 ‘Basic climatic and dura- 
bility tests for components for use in radio and allied electronic 
equipment’. Part 2 when published will list the standard sizes, 
ratings, etc. of such resistors. 


B.S. 2134: Parts 1 and 2: 1959 Fixed electrolytic capacitors 
(aluminium electrodes) for use in telec ication and allied 
electronic equipment. Part 1—General requirements and tests. 
7s. 6d. Part 2—List of standard capacitors. 5s. 

PART 1 requires reference to B.S. 2011 for climatic tests. Part 2 deals 
with standard sizes, ratings, etc. Information on the use of electro- 
lytic capacitors is given under nine headings which include ripple 
ratings, performance and storage at low temperatures, and negative 
connections. 





B.S. 2479: Part 3: 1959 Enamelled and silk-covered or rayon- 
covered copper conductors (oleo-resinous enamel). Part 3—Round 
wire: metric units. 5s. 

1HE requirements are essentially the same as in the main standard 
except that metric units are used (see B.S. 1815 above). 


B.S. 2480: Part 3: 1959 Silk-covered and rayon-covered copper 
conductors. Part 3—Round wire: metric units. 5s. 


THE requirements are essentially the same as in the main standard 
except that metric units are used (see B.S. 1815 above). 


B.S. 3078: 1959 Isolators (including selectors) for alternating- 
current systems. 12s. 6d. 


THIS supersedes the last part of B.S. 116: 1937 and specifies the 
performance of a range of indoor and outdoor oil and air break 
isolators. 


B.S. 3109: 1959 Gas and dual-fuel engines. 6s. 


THE six types of reciprocating engine dealt with are gas; convertible 
gas; gas Diesel; convertible gas Diesel; dual fuel; and alternative 
fuel. References to gas engines have now been removed from B.S. 
649. Rated power output and speed, fuel consumption and limits of 
cyclic irregularity are among the matters specified. 


B.S. 3116: 1959 Heat-sensitive detectors for automatic fire alarm 
systems in buildings. 4s. 


THE type tests specified will ensure that ‘point’ or ‘spot’ detectors 
fixed to ceilings operate satisfactorily. The tests cover time of 
response and the effects of vibration and corrosion. Line detectors 
are not dealt with. 


B.S. 3160: Part 1: 1959 Enamelled copper conductors (enamel with 
polyester base). Part 1—Round wire. 8s. 6d. 


THIS extends the range of standards for enamelled winding wires to 
enamels based on terephthalic-acid polyester resins. These are 
suited to higher operating temperatures, and although some 
requirements are the same as in B.S. 1844: Part 1 some test tempera- 
tures are 30°-50°C higher. 


B.S. G.154 Screws with captive washers for aircraft. 4s. 


THE dimensions, material, finish and part numbers are specified for 
two sizes of B.A. screw of the type used primarily in electrical 
connections. 
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Technical publications (continued) 

B.S. G.155 Single-entry gland assemblies for aircraft electrical 
cables. 6s. 

THIS specifies the fittings to be used in the assembly of glands for 
use with aircraft electrical cables having a stabilized operating 
conductor temperature not greater than 90°C. 


Code of Practice CP 1010: 1959 (Electrical series) 
of oil-immersed transformers to B.S. 171. 7s. 
THE object of this code is to enable the user to determine the range 
of loading conditions which are allowable (see B.S. 171 above). It 
sets out a list of basic data which include four categories of daily 
operating conditions associated with the permissible maximum 
temperature of the windings. 


Guide to loading 


Code of Practice CP 1009: 1959 (Electrical series) Maintenance of 
insulating oil with special reference to transformers and switchgear. 
6s. 

THIS deals with the maintenance of insulating oil, including inhibited 
oils, supplied to B.S. 148 (see above) and intended for use in trans- 
formers, switchgear and certain other oil-immersed electrical 
equipment. 


POST OFFICE ENGINEERING DEPARTMENT 
Memorandum A231 on Protection of Post Office lines from high- 
voltage power lines P.O. Engineering Dept., 1959. n.p.* 


* Obtainable, as also is Memorandum A80B, from the Engineering Department 
(Cn2), 2-12 Gresham Street, London E.C.2 


THE precautions necessary when high-voltage power lines run neg 
Post Office lines are stated, including separation distances, insul. 
tion, etc. 

Protection from low- and medium-voltage lines is detailed ig 
Memorandum A80B. 


UNITED NATIONS 
ECONOMIC COMMISSION FOR EUROPE 


Outlook for nuclear energy as a new source of power Geneva, 1959, 


2s. 


THIS is an analysis of communications on economic topics submitted 
to the second United Nations international conference on th 
peaceful uses of atomic energy in September 1958. A discussion of 
the general outlook is followed by details of power reactors existing 
or projected and a survey of the economic aspects of power 
production. 


The electric power situation in Europe in 1957 Geneva, 1959, 
3s. 6d.* 


INFORMATION was supplied by 27 E.C.E. countries. 

The report deals with the consumption and production of electric 
power and its relation to the energy situation as a whole; transmis- 
sion networks; exchange of power across frontiers; and capital 
investment. 


* Obtainable from the Sales Section, European Office of the United Nations, 
Palais des Nations, Geneva, Switzerland 





SOME RECENT BOOKS 


G. M. ATTURA 
MAGNETIC AMPLIFIER ENGINEERING 
1959. £2 18s. 


ALTHOUGH a number of books on magnetic amplifiers have 
appeared during the last ten years there is still a noticeable 
gap in the literature. On the one hand there are several 
elementary treatments intended to give nothing more than a 
superficial outline; on the other hand there are comprehensive 
accounts with the detail necessary to satisfy the serious 
student or specialist designer. 

Coming between these two extremes the present volume 
goes a long way towards meeting the requirements of the 
non-specialist who needs considerably more than a layman’s 
treatment of the topic. 

The early chapters concerned mainly with basic concepts 
of electromagnetism are followed by sections on cores, core 
materials and testing. Chapter 7 gives a clear description of 
the saturable reactor without feedback for which the transient 
and steady-state performance is analysed, and this is followed 
by a discussion of rectifiers. The remaining 100 pages deal 
with various basic saturable-reactor systems including half- 
wave and full-wave circuits with reversible and non-reversible 
outputs. 

The emphasis throughout leaves much to be desired. The 
final 100 pages expound 90% of the subject comprising self- 
excited amplifiers, high-speed circuits, balanced amplifiers 
and low-drift amplifiers. There is practically no mention of 
design procedure or industrial applications. 

Nevertheless what there is is good, and without doubt a 


AG 


McGRAW-HILL. 220 PP. 


large number of serious-minded engineers will find the work 
both readable and useful. 


A. J. DEKKER 
ELECTRICAL ENGINEERING MATERIALS 


1959. £2 14S. 

PROF. Dekker has followed his excellent ‘Solid state physics’ 
by a work of more limited scope written for students of 
electrical engineering. It is an introduction to the physical 
interpretation of the dielectric, magnetic and conductive 
properties of materials without entering into a discussion of 
their applications. 

In a relatively small volume the subject-matter had to be 
restricted. The topics selected are aimed at giving the student 
a good idea of the techniques employed in the study of 
materials. The treatment throughout is clear and uses classical 
methods in preference to quantum-mechanical concepts. 

A particularly valuable feature is the collection of numerical 
problems at the end of every chapter. These are mostly simple, 
of the type that can readily be worked out on the back of an 
envelope, and the results can be checked against the answers 
given at the end of the book. They provide the reader with a 
feeling for the order of magnitude of the quantities discussed 
and thus supplement admirably the theoretical text. 

This publication which uses the M.K.S. system throughout 
should be useful to the student, at a time when there is an 
increasing demand for a thorough understanding of the 
properties of materials. 


NEW YORK: PRENTICE-HALL. 208 PP. 


JOURNAL I.E.E. 
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J, G. HOLBROOK 


LAPLACE TRANSFORMS FOR ELECTRONIC 
ENGINEERS 


LONDON : PERGAMON PRESS. £2 10s. 


1959. 
THE book starts with an elementary account of complex- 
variable theory which provides sufficient background for an 
understanding of the evaluation of the inversion integral 
dealt with in a later chapter. Fourier series are then introduced 
leading on to the Fourier integral which is finally generalized 
into the Laplace transform. 

The Laplace transforms of elementary functions, of a 
derivative, and of an integral are obtained while the inverse 
transforms are evaluated mainly by use of the inversion 
integral, the author’s intention being to emphasize the worth 
of this method instead of employing the more common 
process of resolution into a sum of partial fractions. 

Later chapters describe theorems useful for operating with 
Laplace transforms, with network analysis, and with the 
derivation of Laplace transforms of special waveforms and 
pulses. The volume will be of use to the qualified engineer 
interested in the above treatment of Laplace-transform 
theory but more examples for solution by the student should 
have been provided. 


259 PP. 


H, KAUFMANN 


DYNAMISCHE VORGANGE IN LINEAREN 
SYSTEMEN DER NACHRICHTEN- UND 
REGELUNGSTECHNIK 


1959. 
IN this small book the expressed objects of the author are to 
emphasize the parallels between approaches to network 
theory based on the use of time and frequency domains 
while treating them in a mathematically simple way, and to 
demonstrate a number of approximate methods particularly 
valuable for network synthesis; and he succeeds admirably. 


MUNICH : OLDENBOURG. 211 PP. DM26.50 


- After introductory chapters on the frequency and transient 


(step-function) responses of a network the transfer function 
is introduced as the basis from which the other properties 
may be derived. Stability criteria are then considered followed 
by an interesting chapter on the use of approximate, chiefly 
graphical, techniques which includes a section on the root- 
locus method; the final chapter discusses at some length 
sampled-data systems including those having a digital com- 
puter inside the control loop. Appendixes contain tables of 
sin x/x, cos x/x, and Laguerre polynomials and a brief listing 
of Laplace and Z-transforms. 

The volume will be of use and interest to the advanced 
student and the qualified engineer though an English transla- 
tion would probably be welcome to both. 


M. L, KLEIN, H. C. MORGAN and M. H. ARONSON 


DIGITAL TECHNIQUES FOR COMPUTATION 
AND CONTROL 


PITTSBURGH: INSTRUMENTS PUBLISHING CO. 
NP, 


1958. 394 PP. 


MUCH of the material first appeared as a series of articles in 
the journal Instruments and Automation. There are 21 chapters 
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each dealing compactly and methodically with oné aspect of 
the field of knowledge expected from computer engineers. 
The range extends from basic code arithmetic through digital 
circuits, analogue-to-digital conversion, etc. to process- 
control methods and computer programming. 

In a foreword the work is described as ‘the first to present 
all basic techniques within the covers of one book’. There 
has clearly been a serious attempt to do this, with the result 
that the book would make useful reading for an engineer 
newly entering the field. The size of the volume however 
prevents many of the subjects being dealt with thoroughly, 
particularly since much space is given over to the description 
of commercial (American) equipment. Also, because they 
make no use of either transistors or ferrites, many of the 
circuits discussed are of historical interest only. 


A. SHTERNFELD 
SOVIET SPACE SCIENCE 
1959. 361 PP. 30S. 


THIS work is by a Russian who won an international prize for 
the promotion of ‘astronautics’, the science of space naviga- 
tion. He has been prominent in this field for 25 years. 

The United States Air Force translator writes: ‘American 
readers of the book will be struck particularly by two things. 
In the first place, it is singularly free from the propaganda 
that is so characteristic of Soviet popular writing on practi- 
cally every subject. The book is suffused, to be sure, with an 
understandable Soviet pride in the Russian accomplishments. 
But it avoids politics and confines itself to the science and 
technology of astronautics, with full recognition of the work 
being done in other countries, particularly the United States. 
(The United States satellites are omitted because the Russian 
book went to press before our first successful rocket, 
Explorer I, was launched into orbit on January 31st, 1958).’ 

It is written for the ‘innumerate’ layman, with no knowledge 
of mathematics. Its main stress is on the launching and move- 
ment of an artificial satellite and on the possibility of living 
in it and of returning from it to the earth. The early chapters 
deal in turn with the laws of motion of satellites, the motion 
of a satellite relative to the earth, the structure of the rocket 
motor, the methods of launching, and the construction and 
testing of complete satellites. 

Up to this stage the text is concerned with what has been 
or clearly can be accomplished. There follow chapters which 
at the present time seem more fanciful, dealing with man in 
cosmic space, life on board an artificial satellite, the descent 
to the earth, and satellites as observatories and as inter- 
planetary stations. 

The parts which will probably prove most interesting to 
electrical engineers are concerned with the details of orbital 
motion, how to get a satellite into a given orbit with the 
least expenditure of energy, and how to project from it a 
rocket intended to return to earth. These parts would have 
been clarified if the author had allowed himself the use of 
some elementary mathematics. Instead he has chosen to rely 
on tables of calculated figures and frequent use of expressions 
like ‘It is shown by calculation that... .’. 

There is only the sketchiest account of results which have 
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Some recent books (continued) 


been or could be obtained with unmanned satellites of the 
kind which have so far been launched. 


R. A. SMITH 

SEMICONDUCTORS 

CAMBRIDGE UNIVERSITY PRESS. 1959. 494 PP. £3 55S. 

THE author of this well produced volume is head of the physics 

department of the Royal Radar Establishment which has 

made notable contributions to the study of semiconductors. 
The book is an expansion of a series of lectures given to 

engineers at Edinburgh University but the emphasis has been 

shifted towards physical theory and the properties of what is 

now a large range of substances. It is essentially a textbook 

to be worked through by graduates entering the field, though 


LIBRARY ACCESSIONS 


BOOKS 

ALLEN, J. A. VAN 

Scientific uses of earth satellites. 2nd revised edition 
Chapman and Hall, 1958. pp. x, 316. 26 x 17cm. £3 15s. 


A collection of 33 papers describing proposals for the use of small 
artificial earth satellites for measurements at high altitudes. 


629.135 


AUDUBERT, R., and MENDE, S. DE 
The principles of electrophoresis 
Hutchinson, 1959. pp. viii, 142. 23-5 x 15cm. 25s. 


The first book in English to cover all aspects of the subject. It deals 
with the physical chemistry of electrophoresis in considerable detail; 
and new apparatus, techniques and applications, particularly for 
medical analysis and diagnosis, are described. To be reviewed. 


537.363 


BERKELEY, E. C. 

Symbolic logic and intelligent machines* 

New York: Reinhold. London: Chapman and Hall, 1959. 
pp. v, 203. 24 x 15-5cm. 25s. 


An explanation of principles, methods and purposes of symbolic logic 
and Boolean algebra on which the programming of ‘intelligent’ 
machines is based. Reviewed in December 1959 Journal, p. 730. 


518.2 


BRUINSMA, A. H. 621.374 
Multivibrator circuits: introduction to robot technique 
Cleaver-Hume, 1959. pp. 65. 21 x 15cm. 9s. 6d. 


A practical work on multivibrator circuits which discusses the pulses 
generated and applications in switching circuits. 

621-52 
Practical robot circuits, electronic sensory organs and nerve systems 
Cleaver-Hume, 1959. pp. viii, 125. 21 x 15cm. 17s. 6d. 
A description of the circuits used for a moving (model animal) and a 
stationary robot capable of playing simple games. The sequence of 
circuits is likened to the sensory organs, the nerve system, the brain 


and muscles and developed from the simplest form to more-complex 
arrangements. 


BUCKINGHAM, H., and PRICE, E. M. 
Electro-technology for National Certificate courses—Vol. 3 


English Universities Press, 1959. pp. xiv, 361. 23 x 15cm. 16s. 


The third of three volumes covering the Ordinary National Certificate 
courses in electrical engineering. It deals with machines, electric-circuit 
theory, electronics and some economic considerations and includes 
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621.31 


those who are less interested in the quantum-mechanicg 
bases for the densities, transport and lifetimes of charg 
carriers, for magnetoresistance, for photon behaviour an 
for optical absorption may without undue peril bypass som 
sections. Compared with a larger, more expensive contempo 
rary work with the same title edited by N. B. Hannay (reviews) 
in September 1959 Journal, p. 542) it has the merit of greate 
continuity but makes rather less interesting reading. 

Two groups of chapters, each occupying about one-fifth of 
the text, are excellent summaries; the first covers the diffusion 
of carriers, the properties of p-n junctions and the method 
of measuring the properties of semiconductors, and the 
second describes the properties of the elemental and com 
pound semiconductors. The final chapter on the applications 
of semiconductors is much less worthy of praise however and 
lacks the authority of much which precedes it. 


* Denotes that the publication is also in the Lending Library. Th 
publications cannot be bought through The Institution; the pub 
lishers and the prices are given only for the convenience of members 


worked examples and questions for the student to answer. Reviewed 
in December 1959 Journal, p. 730. 


CALDWELL, W. I., and others 
Frequency response for process control* 
McGraw-Hill, 1959. pp. viii, 395. 24 x 15-5cm. £4 9s. 


Presents the fundamental methods of frequency response and their 
application to the analysis, testing and design of process-control 
systems. To be reviewed. 


621-82 


COTTON, S. J. 517 
Mathematics for telec ication engineers* 
Chapman and Hall, 1959. pp. x, 245. 25 x 16cm. 37s. 6d. 


This bridges the gap between the level reached in Higher National 
Certificate and similar courses and that needed to follow intelligently 
the articles in professional journals, particularly those on communica 
tion subjects. Basically it covers the fourth and fifth years of the City 
and Guilds course in telecommunications but additional matter such 
as complex functions has been added. Reviewed in October 1959 
Journal, p. 602. 





DALY, J., and GREENFIELD, R. A. 
Basic electronics* 
London: Heywood, 1959. pp. x, 226. 22 x 14cm. £2 5s. 


This work is intended primarily for the technologist in the chemical 
engineering field concerned with automatic process control. Its object 
is to give a balanced background knowledge of thermionic devices. 


538.5 


DENNIS, J. B. 518.5 


Mathematical programming and electrical networks* 

New York: John Wiley. London: Chapman and Hall, 1959. 
pp. vi, 186. 23 x 16cm. 36s. 

A report of research undertaken for a doctor of science thesis. It shows 
that the solution of any electrical network made up of voltage sources, 
current sources, ideal diodes and ideal transformers is equivalent to 
determining the optimal solution of a linear programme and the 
reverse is true. To be reviewed. 


DOW, R. B. 629.135 


Fundamentals of advanced missiles* 
New York: John Wiley. London: Chapman and Hall, 1958. 
pp. xvi, 567. 24 x IScm. £4 14s. 


A considerable proportion of this book deals with microwave equip 
ment and circuits, radar and control systems, and detecting devices for 
infra-red radiation. 


JOURNAL I.E.E. 
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FABER, O. 697 
Heating and ventilating. Revised edition* 
E. and F. H. Spon, 1959. pp. 189. 22 x 14cm. 30s. 


A brief account of the principles of the various methods of heating and 
ventilating rooms using conventional fuels including some facts and 
figures which will be useful to the designer. 


HALASZ, I. 
‘Principikon’ popular electrotechnics. 4th edition 
Budapest: Terva, 1959. pp. 51. 29 x 20:Scm. £3 5s. 


The outstanding feature of this elementary explanation of the principles 
of current electricity and machines is the collection of 12 small 
animated diagrams it contains and around which it is written. 


621.31 


KAYE, G. W. C., and LABY, T. H. 53(083) 
Tables of physical and chemical constants and some mathematical 
functions. 12th edition* 

Longmans, 1959. pp. viii, 231. 25 x 15-5cm. 25s. 


The changes in this edition are mainly in the chemistry section and 
that on atomic physics. 


PEIRCE, B. O. 517 
Ashort table of integrals. 4th edition 
London: Ginn, 1956. pp. vii, 189. 21 x 14-5cm. 22s. 


PHILLIPS, F. C. 548 
An introduction to crystallography. 2nd edition 
Longmans, 1957. pp. ix, 324. 22-5 x 14cm. 30s. 


This is a concise and lucid introduction to the subject and is made 
easier to follow by the inclusion of many clear diagrams and sketches. 


ROBINSON, R. A., and STOKES, R. H. 541.13 
Electrolyte solutions. 2nd edition 
Butterworth, 1959. pp. xv, 559. 23 x 14:5cm. £3 5s. 


Deals with the measurement and interpretation of conductance, 
chemical potential and diffusion in simple electrolytes. 


RYDER, G. H. 
Theory of machines through worked examples. 3rd edition* 
Cleaver-Hume, 1959. pp. viii, 280. 22 x 14cm. 2ls. 


Covers the syllabuses of the examinations for the Higher National 
Certificate and the professional institutions and contains about 340 
‘graded problems of which 170 are solved. The chapters begin with 
short summaries of principles, formulae and methods so that the book 
may be valued as a reference work in addition to meeting the needs of 
students. 


531.8 


SILBERSTON, D. 331.86 
Youth in a technical age: a study of day release* 
London: Max Parrish, 1959. pp. 228. 22 x 14cm. 2ls. 


Ahistorical survey of day-release courses from 1873 to date is followed 
bya discussion of the purpose and content of these courses, the problems 
they present to teachers and employers, and the outlook for the future. 


SMIT, J., and WIJN, H. P. J. 621.318 
Ferrites: physical properties of ferromagnetic oxides in relation to 
their technical applications * 

Cleaver-Hume, 1959. pp. xiv, 369. 23-5 x 15:Scm. £3 12s. 
Deals with the relationship between the characteristics of ferromagnetic 
iloys and their intrinsic properties, chemical compositions and crystal 
situctures and includes an extensive bibliography. 

SNEL, D. A. 534.85 


Magnetic sound recording: theory and practice of recording and 
reproduction * 


Claver-Hume, 1959. pp. xii, 217. 23 x 15cm. 25s. 


This is essentially a practical work dealing mainly with the mechanical 
ind electrical design of simple recorders. High-quality stereophonic 
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recording and reproduction on tape are the applications briefly 
discussed but other applications are reviewed. 


STIGANT, S. A. 517 
The elements of determinants, matrices and tensors for engineers 
Macdonald, 1959. pp. xi, 433. 22 x 14cm. £3 


Intended to be an elementary treatment; the relation between determi- 
nants, matrices and tensors is shown and necessary basic definitions 
and rules of operation are given. There are worked examples of the use 
of determinants and matrices, problems to be solved and bibliographical 
references to more advanced books. Reviewed in December 1959 
Journal, p. 732. 


VENABLES, P. F. R. 331.86 
Sandwich courses for training technologists and technicians* 
Max Parrish, 1959. pp. 160. 22-5 x 14cm. 18s. 


An introductory survey of the subject is followed by a discussion of 
practical issues in establishing a course—entry standards, relative 
lengths of college and works periods, progress, financial aid for the 
student, integration of college and industrial training, administration 
and staffing. There is a special contribution on industrial training. 
Reviewed in October 1959 Journal, p. 607. 


OTHER PUBLICATIONS 


AMERICAN VACUUM SOCIETY INC. 


5th national symposium on vacuum technology. Transactions edited 
by W. G. Matheson. 22-24 October 1958 at San Francisco, 
California 


London: Pergamon Press, 1959. pp. 282. 29 x 22cm. £5 


ELECTRICITE DE FRANCE 
Rapport d’activité comptes de gestion. Exercice 1958 
Paris: Electricité de France, 1959. pp. 86. 27 x 21cm. np. 


NATIONAL RESEARCH COUNCIL 


Digest of literature on dielectrics—Vol. 22. Edited by R. A. 
Soderman and L. J. Frisco 


Washington: National Research Council, 1959. pp. xiii, 293. 
28 x 21-Scm. $5 


UNITED NATIONS 


Proceedings of the second United Nations international conference on 
the peaceful uses of atomic energy, held in Geneva Ist-13th 
September 1958. Vol. 22—Biological effects of radiation 


Geneva: United Nations, 1958. pp. ix, 552. 29 x 22cm. 
£5 4s. 





Zenith reactor starts operating 


ENITH, the first reactor at the U.K.A.E.A.’s establish- 
ment at Winfrith, Dorset, began working on the 19th 
December 1959. 

The final stages of commissioning the plant will be com- 
pleted during the next month or so. 

The reactor will be first used by the international staff of 
the O.E.E.C. high-temperature reactor project to establish 
design characteristics for a 20MW high-temperature gas- 
cooled reactor experiment known as Dragon. Details of 
Zenith and Dragon were given in the September 1959 Journal, 
p. 511, and the October 1959 Journal, p. 577. 

A U.K.A.E.A. team was responsible for the basic con- 
ception of Zenith, for the approval of contractors’ designs 
and for the inspection and commissioning of the plant. 
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Elections and transfers 


The following elections and transfers approved by the 
Council are effective from the Ist December 1959 


ELECTIONS 


Associate Members 


ANDERSON, George Bruce, B.SC.(ENG.) 

ASHFORD, Ernest Stanley 

Aziz, Ahmad, B.SC.(ENG.) 

BALLANTYNE, Roy Chapman 

BARRETT, Norman Eric 

BENNETT, Capt. Laurence Shaw, C.B.E., 
B.SC., R.N. 

CROPPER, Walter Cecil, B.sc. 

DAGPUNAR, Suleyman Selim, M.Sc. 

DWECK, Eliot Ezra, L.és.sc. 

EDWARDS, Albert George, M.SC., PH.D. 

ELLIS, Oswald, B.SC.(ENG.) 

FALL, John Victor, B.E. 

GEADAH, Gabriel Shibli 

GREEN, Anthony Joseph, B.SC.TECH. 

HANCOCK, Maurice, B.SC. 

HARDWICK, Geoffrey Hubert Edgar, 
B.SC. (ENG.) 

HARRISON, John Richard, B.sc.(ENG.) 

HLAWICZKA, Pawel, B.SC.(ENG.), B.SC. 

HO, Kwai-Wah, M.S.E.E. 

HOwWEY, Kenneth Clayton, B.sc. 

HUGHES, Nathaniel, B.sc. 

JOHNSON, John 

KAAN, Robert Ernst, DIPL.-ING. 

KORDA, Paul, DIPL.-ING. 

Lock, Richard George 

LORD, Ronald Norman, M.A. 


Associates 


BALDWIN, Ronald Haden 
BUCKNALL, James George 
DENHOLM, David James 
GIDNEY, Hugh Groves 
GOWING, Ronald Victor 
HUNT, John Harby 


TRANSFERS 


Associate Member to Member 


BAKER, Herbert Whitmore, B.SC.(ENG.) 

Brass, David Francis Smith, B.sc. 

BROWN, William Reginald Frederick 

EVANS, John Harold 

GOSLING, Reginald Scrase 

HAMMOND, Percy, M.A. 

HUGHES, William Howard 

TYENGAR, Chintamani Kesavachar 
Narasimha, B.E. 

KEMP, Walter Derrick, B.Sc. 

McCASH, James Alexander, B.SC. 

McFETRIDGE. James 

MILLAR. Robert Neil, M.A., B.COM. 


Associate to Associate Member 


GARGINI, Eric John 


Graduate to Associate Member 


ACQUAH, Emmanuel Quansah Hayfron 

ALLISON, Walter 

ASHENDEN, Derek Bryan 

BAILEY, John Miles, B.sC.(ENG. 

BAILEY, Noel Scholefield, B.a. 

BALL, Donald Hicks 

BARBER, Derek Leslie Arthur, 
B.SC.(ENG.) 

BARON, Wilfred Raymond 

BARRATT, Frederick Arthur 

BAYLIS, Geoffrey Noel, B.sc. 

BEADLE, Peter Ralph 

BEARDMORE, Alexander Francis, 
B.SC.(ENG.) 

BELL, Colin 

BELL, John Stanley 

BLAIR, John Austin Incledon, 
B.SC.(ENG.) 
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MACDONALD, Alexander Torrance, B.SC. 

McGIVERN, Michael John 

MALLARD, John Rowland, B.SC., PH.D. 

MERRICK, Ernest Clifford 

MORGAN, Glyn Cavell 

MURPHY, Niall Gerard, B.E. 

NORRIS, Capt. Walter James Alfred, 
B.SC.(ENG.), R.SIGNALS 

PARANGE, Shantaram Gajanan, B.E. 

PRABHU, Padmakar Bhaskar 

REES, David Hugh, M.A. 

ROE, Edward Peter, M.A. 

SHEPHERDSON, Michael, B.SC. 

sim, Alan Coudray, B.SC.(ENG.) 

smitH, George Robert Griffiths 

smitH, Sqdn.-Ldr. Kenneth, 
R.A.F. 

STRAUSS, Fritz, DIPL.-ING., DR.-ING. 

SULAIMAN, Kader Mohamed Abdel 
Mohamed, B.E., M.E.E. 

THOMAS, Leslie Albert Arthur, B.SC. 

TRANTER, Maj. Wilfred Owen, B.SC., 
R.E.M.E. 

VOELCKER, Herbert Bernhardt, Jun., 


B.SC., 


M.SC. 
WALKER, John Siddall, m.sc. 
WILKrE, John Robert Sutherland, B.A.Sc. 
woop, Lt. Gordon Ernest, B.A., R.N. 


MILBORNE, Harold Stevens 
MIR-SHEKARI, Shukrullah 
O’NEILL, Patrick Joseph 
OWEN, Albert Rowland 
ROWE, Karl Morris 


MORLEY, Cyril George Lidstone 

MORLEY, Stanley John, B.sc. 

RANKIN, Lt.-Col. Richard Robert 
Campbell, R.SIGNALS 

REDDING, Robert James 

ROBERTS, Vernon Watkin Madoc. 0.B.£., 
B.SC. 

RUSSELL, Raymond Laycock, D.sc. 

SMITH, Dennis James 

SUMMERSKILL, Peter. B.SC.(ENG.) 

wILiiaMs, Alfred Horace 

WILSON, William John 


THOMAS, Maj. Dennis Reginald 
William, M.B.E., R.SIGNALS 


BOSE, Kamal Kumar, B.£.E. 

BOTTRILI, Malcolm, B.SC.(ENG.) 

BOWERS, Roy James William 

BRAUN, Andreas 

BRIGGS, Bruce Frederick Nicholls, 
B.SC.TECH. 

BROOKE, Thomas Joseph 

CANNING, Thomas Ignatius 

CLAYTON, Raymond Mostyn 

CLEAVER, Albert, D.F.H. 

CEIFFORD, Dudley Stuart, B.SC.(ENG.), 
PH.D. 

cuiFT, Cyril Ernest, B.SC.(ENG.) 

CLOUGH, George Francis Gilbert, 
B.SC.(ENG.) 

CRAMPTON, Peter James 

DANCE, Philip Ernest 

DAUGHTRY, Arthur John 


Graduate to Associate Member (continued) 


DAVIES, Richard Gerald 

DAVIES, Thomas Wynne 

DAWSON, Ronald Peter 

DEANE, Leonard James 

DONALD, William Maben 

DONALD, William McGlashan, B.Sc. 

Downs, William, B.Sc. 

DUNLOP, Alastair Donald 

ELLIS, Brian George 

ELPHICK, Brian Leslie 

FAULDER, Harold Dick Sewell, B.A. 

FINLAYSON, Alan Austin Stuart, 
B.SC.(ENG.) 

FOULDS, Herbert Hyndman, A.R.T.C. 

FRASER, Charles George, B.SC.(ENG.) 

GILBERTSON, Capt. Richard Harington, 
B.SC.(ENG.), R.SIGNALS 

Goopy, Frederick John 

GRAY, George William 

GupTA, Ashutosh 

HARRIS, Lt.-Cmdr. Jack, R.N. 

HARVEY, Peter 

HEARN, Peter John 

HELLIWELL, Kenneth, B.SC.TECH. 

HERRIN, John Edward 

HIGGINS, Leonard James 

HILBIG, Maxwell John, B.£. 

HILL, Julian John Bunyan 

HORNSBY, Horace Charles 

HOWARTH, James Brian 

HUGHES, Donald, B.SC., PH.D. 

HUGHES, George Edward 

HUNTER, Thomas 

ILeTT, Arthur Alan 

IvESON, William Leonard 

JACKSON, Stanley, B.SC.(ENG.» 

JAMES, Ronald Edward, B.SC.(ENG.) 

JAMES, Thomas William, B.SC. 

JANSSON, Leonard Eric 

JARMAN, Anthony Edgar Leslie 

ARVIS, Ronald 

KAWECKI, Jerzy Marcin 

LANGDALE, Robert Michael 

LINDSAY, John Graham 

LLoyD, David Edward 

LOUGHLIN, William Campbell, B.sc. 

LOWETH, Peter Augustus 

MAPLE, Bruce John 

MARSH, John Vernon, B.SC.(ENG.) 

MASON, George 

MATTHEWS, Howard 

MAXWELL, Stewart Alfred 


Student to Associate Member 


NAISH, Peter Jack, B.SC.(ENG.) 
SEWARDS, Alan, B.SC.(ENG.) 


The following elections and 
Council are effective from the 


ELECTIONS 
Graduates 


ADENDORFF, Kristian, B.SC.(ENG.) 

ALLAN, James Wyllie Stanger, B.sc., 
PH.D. 

ALLENDER, Kenneth 

ARDALAN, Abolfath 

BAILEY, George 

BAILEY, Michael Beaton, B.SC.(ENG.) 

BANERJEE, Shiva Prasad, B.sc 

BARBER, Christopher Russell, D.F.H. 

BASSNETT, Leslie 

BEDWELL, Eric Charles 

BELL, Michael 

BHUMGARA, Sorab Jamshedji, 
B.SC.(ENG.), B.SC. 

BREWER, Arthur 

BRYER, James Edward 

cHuRB, John Norman, B.SC., PH.D. 


MAYLEY, David Edward, B.SC.(ENG.) 
MAYNARD, Thomas Ernest Leslie, B.s¢, 
MEMORY, Desmond Johns, B.SC.(ENG,), 
B.SC. 
MILLIGAN, Veronica Jean Kathleen, Ba, 
MORRIS, Geoffrey 
MORTIMER, David James 
MUIR, Leslie Malcolm 
NUNEZ, Joseph 
O'BRIEN, Timothy, B.E. 
O'NEILL, Daniel 
PARR, John Christopher, B.SC., PH.D. 
PEACOCK, James John 
PEDDLE, Donald Gordon 
PLASKETT, Andrew Malcolm, 
B.SC.(ENG.) 
PORTER, Robert, B.SC. 
POWNALL, John Alfred 
RAESIDE, James Stewart 
RATCLIFF, Geoffrey, M.SC. 
RATCLIFFE, William John, B.SC.(ENG.) 
REES, Leslie James 
REES, Frank Leonard 
ROCK, George Arthur, D.F.H. 
ROGERS, Dennis 
ROGERS, Desmond, B.SC.(ENG.) 
RYAN, Robert John, B.SC.(ENG.) 
SELLAR, Patrick James, B.SC.(ENG.) 
SHANKS, William 
SHELMERDINE, Francis Arthur 
SHIPMAN, Trevor Hunter Reeve 
SILLITO, John Bertram, B.ENG. 
SIMON, Frederick Armenak, D.F.H. 
SIMONS, Michael Edward Glascodine 
SLOANE, Bernard Joseph 
STEPHEN, Kenneth David, B.Sc. 
STUBBINGS, Ronald Albert 
TAN, Chin Hock 
TAYLOR, Walter 
TENNANT, Melvin Alexander 
TOMKINS, Peter Kenneth 
TRUSCOTT, Ronald James, B.SC.(ENG.) 
vouT, Maurice Lionel 
WATERHOUSE, Peter Frederick, 
B.SC. TECH. 
WHITAKER, Harry Brian 
WHITLEY, Maurice Henry 
WILKINSON, Peter 
WILLISON, Michael John Leslie, D.L.C, 
WILLIAMS, Maurice 
WISE, Frank, D.F.H. 


TATHAM, Charles Roderick Deane, 
B.SC.(ENG.) 


transfers approved by the 
3rd December 1959 


COLE, Owen George 

coop, Eric James 

DADE, Richard, B.SC.(ENG.) 
DALE, Fred 

DART, Robert Charles William 
pavies, Charles Julius David, B.A. 
DENDLE, David William, B.Sc. 
DERBYSHIRE, Edwin William 
pDiGBY, Peter William 

DOYLE, Thomas Michael 
EVES-DOWN, Gerald Anthony 
FARRER, John Michael 

FIELD, Denis Michael 

FILKIN, Ronald, B.SC.(ENG.) 
FLOOD, Francis 

FRAYNE, Barry Gregory 

GILES, Peter Michael 
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Graduates (continued) Students (continued) 
gLLeTT, Frederick Samuel RANDALI, Leonard Arthur PEMBURY, Michael William smiTH, John Philip 
goprreY, Richard Lawrence, RAO, Sukhdev Singh PILFOLD, David, B.sc STANSFIELD, James Neil 
B.SC.(ENG.) RICE, Kelvin Sugden, B.SC.(ENG.) POLLOCK, James STOPFORD, Graham Molyneux 
(ENG.) orecory, John RISHWORTH, Alan Bingley PONNUDURAI, Jeyasingam TILBURY, Brian Robert 
slie, B.s¢, § HALE, Charles Henry RITCHIE, William Kerr POOLEY, John Charles, B.Sc. Too, Wan Jin 
3C.(ENG,), § HAMID, Abdul, B.Sc. ROBERTS, Albert William, B.sC.(ENG.) PRINGLE, Anthony Edward TUFNELL, David Henry Amherst 
warris, Patrick John, B.SC.(ENG.) ROBERTSON, Allan George PROBERT, Eric David VERNON, Nicholas Blake 
leen, B.4, § HEMP, Roger, B.SC.(ENG.) ROBINSON, William Keith RAVEN, Timothy Murdoch WALES, John, B.SC. 
HORSFALL, Robert Arthur rose, Capt. Ian Martin, B.A., rice, Christopher George, B.SC. WARD, Kenneth 
wuGHES, Denis William R.SIGNALS RICHEY, Gerald McCauley WARZYBOK, Edward 
yuTsON, Thomas Clive SAWYER, George Horace James RICKMAN, James. B.SC. wesp, William John 
xerTLey, Ivan Edwin SHAO, James, B.SC. RICHARDS, Colin Ernest WELCH, Alexander Beveridge Strang 
KHOKHAR, Aman Ullah SINGH, Bimalendra Prasad, B.SC., RIDER, Alan John WESTERN, Anthony Albert Godfray 
xinG, William Geoffrey, B.Sc. B.SC.(ENG.) RIPPIN, Peter Joseph, B.SC. WHITEHOUSE, James Henry 
, PH.D. KNEAFSEY, Patrick Augustine, B.e. SLEAT. William Ernest Donald, RUSHTON, John David WILLIAMS, Frank Charles 
xnicHT, Alan Nickson B.SC.(ENG.) RUTTER, Neil John WILLiaAMS, Godfrey 
KWAN, Chip Shing, B.SC.(ENG.) smjTH, William McLean Ross, B.SC. SAHA, Satya Gopal, B.Sc. WONG, Chun-Win 
Lawson, Ian Craig SNEDDON, Robert scott, Colin woop, William Malcolm 
ue, Colin Alfred STARVIS. Gerald Sydney scott, Robert Doyle, B.sc. WOOLGAR, Anthony John, B.A. 
unpop, Richard William TEDD, David Clifford, B.sc. scoTT, Roy WRIGHT, Kenneth Mason 
marr, John Horton, B.SC.(ENG.) THOMAS, George Alfred SHAWAF, Bassim WRIGHT, Michael Stephen 
MONDAL, Himangshu Sekhar, B.Sc. TOZER, Bryan Allen, B.Sc. SINGH, Gopal, B.Sc. XENOPHONTOS, Andreas 
newTon, John Steadman, B.SC.TECH. TRAVIS, John SKELTON, John, B.Sc. YATES, Albert 
ENG.) NoRMAN, John Cedric TURNER, Maurice, B.Sc. 
o’sriEN, Alban Francis WALKER, Christopher Burcham 
PEARCE, Brian, B.SC.(ENG.) Ridley, B.E. 
peRKS, Barry WATSON, Lewis, B.SC.TECH. TRANSFERS 
PHILLIPS, John Leslie WELLS, Andrew Hammond 
prt, lan Bruce, B.SC.(ENG.) WEST, Jeffrey Thomas Student to Graduate 
: PLATT, Eric tae coll aies WILKINSON, Ronald Edgar a AGARWAL, Jawahar Lal, B.SC.(ENG.) Last, John Richard, B.sc.(ENG.) 
NG.) nagpuRN, Anthony Michael, m.sc. woon-saM, John Lennox, B.Sc. BAFFOUR, Richard Kobinah LAWRENSON, Peter John, B.SC., M.SC. 
BEYNON, Edgar Roy, B.Sc. Lewis, Colin David, B.Sc. 
; Students BLY, Dennis William John, B.sc.(ENG.) LONG, John Clifton Ernest, 
BRODHURST, Peter Alexander B.SC.(ENG.) 
ADAMSON, Daniel Welsh, B.sc. GERRARD, George Alan BYNG, Brian Albert MADDOCK, Peter Rodney, 
ae aul, Safdar GHEST, Robert Clive CHIN, Tuck Chuen, B.Sc. DIP. TECH.(ENG.) 
odine Ff wisn, Keith David, B.SC. GippinGcs, Graham John Taylor COLE, Ernest Valentine, B.sC.(ENG.) MASKELL, Edward William James, 
amos, Michael John, B.sc. GOLDMAN, Arnold COMBRIDGE, Michael Lewis, B.SC. TECH. 
ARNOLD, David George GRATTON, Brian B.SC.(ENG.) mosBy, John Denis, B.SC. 
asPIN, William Melvin GREENWOOD, David CULLUM, Garth Edgar, B.sc. MOYERS, Vernon 
BANKS, Peter John GREENAWAY, Robert. B.Sc. DANBURY, Anthony John, B.SC.(ENG.) MYRING, Graeme John, B.SC.TECH. 
BARNES, Donald HAMILTON, John Gordon DANIELS, Michael Hugo, B.sc. NNOLI, Godwin Chukwura, B.SC. 
pass, Michael John Anthony HARRISON, Ronald DAYAL, Mohan, B.SC.(ENG.) O'NEILL, Hugh Joseph, B.sC.(ENG.) 
sates, Philip Henry HEAVEN, John Anthony, B.Sc. DEBENHAM, Michael John, B.sc.(ENG.) PEARSON, Robert Keith, B SC.TECH. 
-(ENG.) peaTus, Claude HEWSON, Carlyle Pearce, B.SC DJEVDET, Vural, B.SC.(ENG.) PETTIE, Donald Gordon, B.Sc. 
BELL, Howard Thomson, B.Sc. HEYES, David Richard DUNBAR, Robin Malcolm, B.Sc. POWELL, Leslie 
BLAIR, Peter Kenneth HILL, Keith Alan EARLE, Ronald PRINGLE, James Frederick, B.SC. 
BLYTH, Norman Stewart HIND, Brian EASTON, James, B.SC. RHODES, John Neville, 5.sc. 
BORTHWICK, Ronald Duncan HOLLIDAY, Richard Durden EDWARDS, John Brooks, B.SC. ross, David Marshall, A.H.-w.Cc 
BOWRING, Stewart David HUGGETT, Dudley John FISHER, Brian George, B.SC. RYLEY, John Edwin, B.SC.(ENG.) 
BRADBURY, Kenneth John HUGHES, John Darrell FISHER, James Anthony Ernest, B.sc. SAINI, Joginder Singh, B.Sc. 
» DLC F sac, James Hubert Reginald HUGHES, William Glynne FISHER, Ronald John SHENTON, Raymond George, B.SC. 
srooks, Lvn Alan, B.SC. HUNKIN, Richard John FORREST, James, B.SC. somn, Hardarshan Singh, B.SC., B.ENG. 
BROWN, John Edward, B.Sc. HUNTINGTON, Alan FROUD, Royston John, B.SC.(ENG.) STEELE, Capt. Peter Michael, 
BURN, Ronald Leon HUTTON, John Robert GODDARD, Keith Edward, B.Sc. B.SC.({ENG.), R.SIGNALS 
BURRELL, Geoffrey John, B.Sc. JOHNSTON, Archibald Staniey GRAVETT, Michael Burslem STEWART, Robert David, B.Sc. 
“CADMAN, Christopher Berkley JONES, Barryngton Roland Joseph HALE, John Malcolm, B.SC.(ENG.) TAYLOR, John Edward, B.SC.(ENG.) 
CAPEWELL, Peter KARUNARATNE, Hettiyadura Lal HARRIS, Alan Francis William, THAM, Seng Kit, B.SC. 
ane, caTON, Dennis James Leslie Mendis B.SC.(ENG.) THILO, Frank, B.SC.(ENG.) 
CHEETHAM, Philip Gordon KENT, Allen Dewhurst HARRISON. Cecil Maurice URQUHART, Alexander John, B.Sc. 
CHILVeRS, Peter William Charles KIDDLE, Peter HAWKSWORTH, Raymond, B.ENG. VICKERS, Harry, B.SC. 
CLARKSON, Thomas Herbert KING, St. Clair Albert HEASELDEN, Barry, B.SC.(ENG.) WEBBER, John, B.SC.(ENG.) 
CLAYTON, Harold Anthony KOUSSOULOS, Michael George HEASMAN, Brian WEEKS, Vivian William Joshua, 
CuFTON, Michael Joseph LANG, Harvey Graham HILLS, Donald Charles B.SC.(ENG.) 
COCKHEAD, John Cyri) Roy LAVENDER, William Anthony, 8.sC. HILTON, John William Claud, wHyBRoOwW, John Francis Timothy, 
y the COMBELLACK, Richard Alan LAWLOR, Donald John B.SC.(ENG.) B.A. 
CopLey, Alan, B.SC. Lewis, John Brynley HOLZHERR, Jacques Eugene WILSHER, Kenneth Reginald Walter 
CRAWFORD, Dennis Frank Lewis, William Norman HORNE, Russell John, B.SC.(ENG.) William 
crossLey, Geoffrey Edwin LIDDELL, Ian Gordon HORSNELL, Arthur Christopher, B.SC. WILSON, Francis Thomson, B.SC. 
CROWTHER, Neil Graham LYNCH, John Kevin HUME, John Raymond WYLDE, Brian James, B.SC. 
CULLIS, Roger, B.SC. McCAVANAGH, Kenneth HUMPAGE, William Derek, B.Sc. YOUNGER, Graeme William, A.H.-w.c. 
CUMMINGS, Robert McCLARENCE, Michael James KRICK, Martin Roger, B.SC.(ENG.) 
curRY, John Stewart McAdam MACKENZIE, Alastair Graham 
CUSCHIER!, Albert Edgar MeNEILL, Anthony John 
CUTHBERT, Allan Gordon MAYNE, John Eric 
DATTA, Nilkanta MENDELSON, Anthony John 
DAVIDSON, Robert Nesbitt MILNE, James Dawson, B.SC. 
DAViEs, William David Timothy MINTO, D. rew ° . 
. avs, Brian William F tein ye ancy aol The following elections and transfers approved by the 
smems, Peter John MUKHERJ!, Amal Kumar, B.SC. Council are effective from the Ist January 1960 
DOPSON, Peter Alan NEAL, John Edward 
DRYER, Sydney NICHOLAS, Trevor William 
DUNCAN, Norman Leslie OLIVER, George Eric 
oe Gilian OSBORNE, Robert, B.SC. ELECTIONS 
‘ANS, Reginald Arnold oo1, Boon Keng . . 
FFRGUSSON-NICOL, Alexander Emeric OULTON, Timothy Norman Associate Members 
FORBES, Connan Walker PAL, Pradyot Baran ANDERSON, Edward Gibson, B.sc. BURTON, Peter Lennox, B.SC. 
FRANCIS, Idris Richard PALEY, Robert BARROW, Christopher Wilfred Mere- DEICHEN, John Henry 
FING, Man Po PALMER, Edwin Stanley, B.A. field, B.SC.(ENG.) GOMEZ, Francis Arthur 
GABRIELS, Kenneth PATERSON, John Thomson BARSBY, Peter Alan, B.SC. LLOYD, Michael Albert. B.sc. 
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Elections and transfers (continued) 


Associate Members (continued) 


McWILLIAM, Gordon Lorimer, B.sc. 
O'DONNELL, Geoffrey David, B.f.E. 
POOLE, Peter Harold. B.sc. 
reES, Charles John David 


Associates 


ATKINSON, John Arthur 
HASLER, Edmond Francis 


Companion 


CHANDOS, The Rt. Hon. The Viscount, 
P.C., D.S.O., M.C. 


TRANSFERS 


Associate Member to Member 


BALASURIYAR, Muthiah Muthu, 
B.SC.(ENG.) 

cope, Francis Bernard, B.SC.(ENG.) 

DALTON, John William 

GERRARD, John 

GILLHESPY, James Gibbald, B.sc. 

GORDON-JONES, Leslie Gordon 

HAZELL, Stanley William 


Associate to Associate Member 


SHEASBY, Robert Albert 


Graduate to Associate Member 


ADKINS, Francis Edward, B.ENG. 

ANDERSON, Richard Neil, B.sc. 

ANDREAE, John Hugh, B.SC.(ENG.), 
PH.D. 

ATKINSON, Reginald William 

BARKER, Norman 

BATE, David Joseph 

BIRKETT, Peter Kenneth Anthony, 
B.SC.(ENG.) 

BOOTH, Robin Frank 

BoTT, Ronald 

CARAMONDANIS, 
B.SC.(ENG.) 

CLOoT, Peter Leonard, M.SC.(ENG.) 

DOUGLAS, George Gilbert 

DOWNING, Stuart Alan 

EVANS, David John Elwyn, B.sc. 

EVANS, John William 

FOSTER, Derek Arthur 

coop, Edward Francis, M.A. 

GoopieER, Alan Vivian, B.SC.(ENG.) 

HALL, William Frank James 

HARRISON, Edward Haydon, B.SC.(ENG.) 

HATELY, Maurice Clifford, B.sc.(ENG.) 

HOLMES, Edward John, B.SC.(ENG.) 

IMLACH, Alexander Robert. B.SC.(ENG.) 

JONES, Frederick Peter, B.sc. 

KELLY, Gerald Robert 

LINAY, John Edward Curzon, 
B.SC.(ENG.) 


Stavros Yerasimou, 


Student to Associate Member 
SIMPSON, Peter Graham, B.sc. 


SULTAN, Alimohamed Fazulbhoy, B..., 
M.SC.TECH. 
WILSON, Keith Lawrence, M.Sc. 


JENNINGS, Roy Oliver 
SMITH, James Frank 


LAWRANCE, Graham Francis, 
B.SC.(ENG.) 

MARGEN, Peter Henry Erwin, B.SC.(ENG.) 

PEARSON, Roger Brook 

RUBERL, Franco 

SOMASUNDARAM, George Devadason, 
B.SC. 

TOWNSEND, George Boris, B.SC. 


LiTTLe, John Desmond 

Lye, Frank Charles 

McILWAINE, Hugh 

MANNING, Alan Timothy, B.SC.(ENG.) 

MAYBERRY, Anthony Charles 

MOORE, Thomas, B.SC.(ENG.) 

MORGAN, Colyn Grey, M.SC., PH.D. 

MoRRIS, Harold Thomas, _B.E.M., 
B.SC.(ENG.) 

MORRIS, Walter Newman 

POTTER, Norman Leonard, B.Sc. 

RADFORD, Francis John 

RIDLEY, George Kenneth, B.SC.(ENG.) 

ROWLEY, Geoffrey Charles 

SARUP, Anand, B.SC.(ENG.) 

SHILLINGFORD, Henry Stephen, 
B.SC.(ENG.) 

SIMONS, Richard James 

SMITH, Derek William, B.SC.(ENG.) 

SMITH, Peter Albert, D.F.H. 

speirSs, Archibald Dennison, B.sc. 

STUTZ, Peter Ralph, B.SC.(ENG.) 

TELAHUN, Assefa, B.SC.(ENG.) 

TELFORD, John Weston Steele, D.F.H. 

TupDoR, Ernest Rhodes 

wHyteE, Ian Arthur 

WINSON, Julian Towler, B.SC.(ENG.) 

WOLseyY, William Ernest 

WRIGHT, Peter George 





District Meetings 


ARRANGEMENTS for District Meetings in January and February 1960 
other than in the area of a local Centre 


January 1960 


READING (at the George Hotel, King Street at 7.15 p.m.) 


18 Monday s. J. EMERSON, M.ENG. 
the factory and in the home’ 


‘Safety in the use of electricity in 


OXFORD (at the Southern Electricity Board Service Centre, 37 George 


Street at 7 p.m.) 


20 Wednesday E. 3. SUTTON ‘Electrical installation practice’ 


February 1960 


OXFORD (at the Southern Electricity Board Service Centre, 37 George 


Street at 7 p.m.) 


10 Wednesday c. M. cock ‘The Deltic locomotive’ 
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BRITAIN AND INTERNATIONAL CO-OPERATION 


Me and more scientists are coming from oversea 
countries to Britain for training in nuclear-energy work 
by the United Kingdom Atomic Energy Authority or to 
co-operate with authority scientists in atomic research. 

Britain now has agreements to collaborate in the develop. 
ment of nuclear power and techniques with 15 countries and 
one international organization. These are the United States, 
Israel, Japan, India, Australia, South Africa, Denmark, 
Norway, Sweden, Portugal, Belgium, the Netherlands, West 
Germany, France, Italy, and Euratom. In addition Britain 
has always maintained the closest contact with the Canadian 
atomic-energy programme. 

One of the major services Britain is providing is to make 
available the knowledge gained from her own experience, 
This is done in three schools: (1) the Reactor School at 
Harwell which has trained 1777 students (including 450 from 
oversea) since it started in September 1954; (2) the Calder 
Operations School at Calder Hall with 312 trainees since 
January 1957 (115 from abroad); and (3) the Isotope School, 
now at Wantage, which has trained 2053 students (747 from 
oversea) since April 1951. 


SPAIN FREES POWER EXCHANGE 


HE Spanish Delegation has notified the Council of the 
O.E.E.C. of its intention to exchange supplies of electricity 
with other Western-European countries. 

In so doing, Spain takes its place among the intercon- 
nected countries which freely exchange supplies of power: 
Austria, Belgium, France, Germany, Italy, Luxembourg, 
the Netherlands and Switzerland. 

The first liberalization measures adopted by the Council 
of the O.E.E.C. on a proposal by the Electricity Committee 
date back to 1953. At that time only ‘occasional’ exchange 
was freed, i.e. exchange with the purpose either of avoiding 
wastage of hydroelectric power or of providing emergency 
supplies to a network on which a technical breakdown had 
occurred. In 1956 this decision was extended by the Council 
to cover ‘seasonal supplies’, which electricity undertakings 
were not bound by contract to provide for more than six 
consecutive months. 

Over two-thirds of Spain’s electricity is generated by 
hydroelectric plant. The country is handicapped by highly 
irregular rainfall and, in spite of substantial reserve capacity, 
power supplies are often difficult during years of drought. 
The liberalization measures to which Spain has now acceded 
will enable it to draw on neighbouring countries during 4 
shortage. The first source of supply will be Portugal, which 
already controls a number of rivers jointly with Spain, and 
France whose water-power reserves are somewhat different 
from those of Spain in that recourse can be had simul 
taneously to the Alps, the Massif Central and the Pyrenees. 

Other more distant countries however, such as Belgium, 
Germany, Italy and Switzerland, may also supply power to 
Spain by concluding compensatory agreements with France. 
Conversely whenever hydroelectric conditions in Spain are 
good any surplus power can be exported to those countries 
which have come to its assistance in emergencies. 
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forthcoming events at Savoy Place 


ALL meetings are held at Savoy Place beginning at 5.30 p.m. (tea at 
5 p.m.) except where otherwise stated. The nature of the meeting is 
indicated by the following key: 

ED EDUCATION DISCUSSION CIRCLE 

E ELECTRONICS AND COMMUNICATIONS SECTION 

| INFORMAL 

M MEASUREMENT AND CONTROL SECTION 
MED MEDICAL ELECTRONICS DISCUSSION GROUP 

0 ORDINARY 

$ SUPPLY SECTION 

U_ UTILIZATION SECTION 

After each paper that has now been published is added the month 
when a synopsis appeared in the Journal under ‘Papers and monographs 
published individually this month’, i.e. about the time when the paper 
was published as a separate. A paper that has not yet been published 
will be available at least ten days before the meeting at which it 
will be read. The full list of London meetings is given in the meetings 


card 


January 1960 

1 18 Monday w. HOLTTUM, M.ENG., will open a discussion on 
‘Reliability and economy of cable installation’* 

Tuesday C. G. MAYO, M.A., will open a discussion on ‘Super- 
seding the ratio arms in a.c. bridges’ fT 


m 19 


Wednesday 3. G. HENDERSON, B.SC., Will open a discussion on 
‘One approach to generalized machine analysis’* (at 6 p.m., 
tea at 5.30 p.m.) 


mw 20-21 Wednesday-Thursday (in co-operation with the British 
Computer Society and under the aegis of the British Con- 
ference on Automation and Computation) Discussion meet- 
ings on ‘Reliability and maintenance of digital-computer 
systems: managerial and engineering aspects’ (all wishing to 
attend are required to register; full details and registration 
forms are obtainable from the Secretary of The Institution) 


m 20 


& 27 Wednesday A. CLOW, M.A., D.SC., F.R.S.E. Lecture on ‘Oral 
presentation of scientific material’ t 

0 28 Thursday A. W. LINES, B.SC., PH.D. Lecture on ‘Radiocommuni- 
cations by means of satellites’ t 

et 29 Friday R. B. DYOTT and C. R. RUSSELL. Lecture on ‘Beam-type 


parametric amplifiers: some aspects of design and use’ ft 





Contents of the current Proceedings 


The date in italics is that of the Journal review, special article, or 
synopsis. Where given the date in capitals is the month in which a paper 


- or monograph was published individually 


a A. POWER ENGINEERING (DECEMBER 
959) 


See the Journal for December 1959, p. 738 


PART B. ELECTRONIC AND COMMUNICATION 
ENGINEERING (JANUARY 1960) 

SIR WILLIS JACKSON, F.R.S. Inaugural Address January 1960 

Centre Chairmen’s Addresses 


Discussion on The relation between picture size, viewing distance and 
picture quality before the North-Western Electronics and Communi- 
cations Group 


Discussion on A train-performance computer before the North-Eastern 
Measurement and Control Group 


G. D. MONTEATH, B.SC., AND P. KNIGHT, B.A. PAPER 3079E The perfor- 
mance of a balanced aerial when connected directly to a coaxial cable 
November 1959 


PROF. E. C. CHERRY, D.SC.(ENG.). PAPER 3114 Classes of 4-pole 
tetworks having non-linear transfer characteristics but linear iterative 
impedances January 1960 


H. B. VOELCKER. 


PAPER 3125E 
January 1960 


Phase-shift keying in fading channels 


A. G. J. MACFARLANE, B.SC. 
comb filter January 1960 


PAPER 3121E An analysis of a type of 
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February 1960 

M 2 Tuesday P. VIGOUREUX, D.SC.(ENG.) ‘Development of the for- 
mulae of electromagnetism in the M.K.S. system’ (paper 
3012Mm) synopsis: August 1959 (Supported by a contribution 
by P. C. M. de Belatini “The choice of basic dimensions in 
electromagnetism’ ft) 

Thursday 3. H. GRIDLEY, PH.D., B.SC. “The shielding of overhead 
lines against lightning’ (paper 3172s) synopsis: see p. 41 
Friday R. A. BUCKINGHAM, PH.D., and J. M. TANNER, M.D., D.SC., 
will open a discussion on ‘Computers in medical use’ (at 
6 p.m., tea at 5.30 p.m.) 

Monday G. MILLINGTON, M.A., B.SC., will open a discussion on 
‘Present views on ground-wave propagation’ t 

Wednesday R. L. GRIMSDALE, M.SC., PH.D., and P. H. SINCLARE, 
M.Sc. ‘The design of housing-estate distribution systems using 
a digital computer’ (paper 3131s) synopsis: December 1959; 
U. G. W. KNIGHT, B.SC.(ENG.) “The logical design of electrical 
networks using linear-programming methods’ (paper 3138s) 
synopsis: December 1959 


Tuesday R. £. CLARK will open a discussion on ‘Soviet control- 
engineering progress’ t 

17 Wednesday PROF. M. G. SAY, PH.D., M.SC., F.R.S.E. The Faraday 
Lecture: ‘Electrical machines’ f{ (at Central Hall, Westminster, 
London S.W.1 at 6 p.m.; admission by ticket available on 
receipt of a stamped addressed envelope) 


U 18 Thursday B. E. A. VIGERS, M.A., and R. O. FLETCHER, B.SC. 
‘Electricity in the manufacture of hydrogen peroxide’ (paper 
3196u) synopsis: see p. 41 

I 22 Monday L. ROTHERHAM, M.SC., will open a discussion on ‘Are 
we making the best use of research resources ?’* 

ED 23 Tuesday PROF. M. W. HUMPHREY DAVIES, M.SC., will open a 
discussion on ‘Courses for electrical technicians’* (at 6 p.m., 
tea at 5.30 p.m.) 

F 24 Wednesday PROF. A. L. CULLEN, PH.D., B.SC.(ENG.). Lecture on 


‘Applications of microwaves’ t 
25 Thursday Annual Dinner (at Grosvenor House, Park Lane, 
London W.1 at 7 for 7.30 p.m.) 


* No advance information will be available and no Press report will be permitted 
+ An abstract will be available in advance 
t No advance information will be available 





J. HARWOOD, M.A., PH.D., AND B. N. HARDEN, M.SC. PAPER 3115E 
The measurement of atmospheric radio noise by an aural comparison 
method in the range 15-S00kc/s January 1960 

I. M. STEPHENSON, PH.D., M.SC., B.SC. PAPER 3130E An experimental 
investigation of a two-cavity klystron operating in large-signal conditions 
January 1960 

I. A. HARRIS. PAPER 3146£ A coaxial film bolometer for the measure- 
ment of power in the u.h.f. band January 1960 


I. C. HUTCHEON, M.A., AND D. N. HARRISON. PAPER 3134£ A transistor 


quadrature suppressor for a.c. servo systems January 1960 


Discussion on A survey of performance criteria and design considerations 
for high-quality monitoring loudspeakers before the North Midland 
Centre 


Discussion on A new cathode-ray tube for monochrome and colour 
television before the Sheffield Sub-Centre 


PART C. MONOGRAPHS (SEPTEMBER 1959) 
See the Journal for September 1959, p. 557 


British Nuclear Energy Conference 


DETAILS of a forthcoming meeting of the British Nuclear Energy 
Conference are given below. Tickets of admission are not required 





1960 
JANUARY 26 Tuesday (5.30 p.m.) 


Sponsoring society and place of meeting: The Institute of Marine 
Engineers, 76 Mark Lane, London E.C.3 


CONTROL AND INSTRUMENTATION OF MARINE REACTORS R. Anscombe 
and F. Hutber 
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ANNOUNCEMENTS TO MEMBERS 





THE HOMES FUND 


SUMMARY OF CONTRIBUTIONS RECEIVED TO 
17TH DECEMBER 1959 


No. of 
contributors ze. 8 & 
£1000 and over 8 8685 0 0 
£100 to <£1000 32 7181 3 0 
£5 to <£100 897 9402 4 9 
£2 to <£5 2191 6051 16 7 
under £2 26542 13928 12 3 
£45248 16 7 


APPOINTMENT 


COMMITTEE ON REGULATIONS FOR THE ELECTRICAL 
EQUIPMENT OF SHIPS 

THE Council have appointed Mr. W. C. M. Couch, C.B., C.B.E., 
MEMBER, who formerly represented the Admiralty on the 
above committee, to serve in a personal capacity on the 
committee. 


JOHN S. ROBINSON MEMORIAL FUND 


THE Council have accepted with grateful appreciation an offer 
from a member to establish a scholarship fund as a memorial 
to the late John S. Robinson. Its principal object is to enable 
assistance and encouragement to be given from time to time 
to some deserving student of electrical engineering who might 
otherwise have difficulty in following the profession, or 
pursuing certain studies, through lack of funds. 

The fund will be used in this way to assist both under- 
graduates and graduates—for instance those engaged in a 
particular piece of postgraduate research—and will be 
applicable in the form of a scholarship, a supplementary 
grant or a lump-sum payment. 

The first award or awards from. the fund will be made in 
1960 under conditions which will be set out in the Scholarship 
Regulations. 


THE FARADAY LECTURE IN LONDON 


THE Faraday Lecture will be delivered by Prof. M. G. Say, 
PH.D., M.SC., F.R.S.E., MEMBER, at the Central Hall, West- 
minster, London S.W.1, on Wednesday, 17th February 1960 
at 6 p.m., his subject being ‘Electrical machines’. 

The primary object of the Faraday Lecture is to increase 
the interest of the general public in electrical matters, parti- 
cularly those having an immediate bearing on the life of the 
community; members are therefore asked to bring the Lecture 
to the notice of their friends. 

Admission is free by ticket obtainable from the Secretary 
of The Institution ; members are requested to enclose a stamped 
addressed envelope with each application. 
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PROGRAMME OF MEETINGS 
SESSION 1959-60 


THE programme card of London meetings for the second half 
of the session is being sent with this issue of the Journal to all 
members not residing within the area of a local Centre or 
Sub-Centre. 

Any member living in the Provinces who often visits 
London and is thus able to attend London meetings may 
obtain a copy of the London card on application to the 
Secretary of The Institution. 


ROYAL CHARTER AND BYE-LAWS 


A REVISED edition of the Royal Charter and Bye-laws of The 
Institution incorporating recent changes (see p. 641, Novem- 
ber 1959 Journal) has been published. Copies are available on 
application to the Secretary. 


EXAMINATION REGULATIONS 


A NEW edition of the Examination Regulations is now avail 
able, replacing that published in July 1957. 

The syllabus for the Part III Examination contained in 
these Regulations will be the subject of examination for the 
last time in December 1961. For the May 1962 and subsequent 
examinations a revised syllabus will be used; this is now 
published as a supplement to the present edition of the Regula- 
tions. The Part III syllabus has been revised in order to keep 
it up to date and in line with current electrical engineering 
problems and practice. 

Copies of the Regulations are available on application to 
the Secretary of The Institution, price 1s. 


INTERNATIONAL CONVENTION ON 
TRANSISTORS AND ASSOCIATED 
SEMICONDUCTOR DEVICES 


THE papers and discussions at the international convention on 
transistors and associated semiconductor devices will be 
published in four supplements (Nos. 15-18) to Part B of the 
Proceedings. Supplement 15, consisting of about 300 pages, 
will be ready at the end of this month, and the others will 
follow at monthly intervals. The prices per supplement— 
which do not apply to orders placed at the time of the con- 
vention—are £1 2s. 6d. to members of The Institution and 
£1 15s. to non-members (post-free). 

Copies may be obtained on application to the Secretary of 
The Institution. 


THE CHESTERS ESTATE 


A HOUSE has become vacant on the Chesters Estate, New 
Malden, Surrey, and is available for a member and his wife, 
or for the widow of a member with dependent children, whose 
circumstances now make it impossible for them to provide 
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accommodation for themselves. It is a detached private 
residence with two bedrooms and since there are no com- 
munal dining arrangements it is not suitable for a person 
living alone, as the cooking and housekeeping must be under- 
taken by the residents. Any member wishing to nominate 
suitable occupants who might qualify for residence should 
communicate with the Honorary Secretary of the Incor- 
porated Benevolent Fund, Savoy Place, London W.C.2. 


DECLARATION ON FAIR COPYING OF 
SCIENTIFIC INFORMATION 

THE Institution in common with more than 70 other scientific 
and learned societies has subscribed to the Royal Society’s 
Declaration on Fair Copying which reads as follows: 


‘We will regard it as fair dealing for the purpose of private 
study or research when a non-profit-making organization, 
such as a library, archives office, museum or information 
service, Owning or handling scientific or technical periodicals 
published by us makes and delivers a single reproduction of 
apart of an issue thereof to a person or his agent representing 
in writing that he desires such reproduction in lieu of a loan 
or manual transcription and that he requires it solely for the 
purpose of private study, research, criticism or review, and 
that he undertakes not to sell or reproduce for publication 
the copy supplied, provided: 
|. The recipient of the copy is given notice that he is liable 
for infringement of copyright by misuse of the copy, and that 
it is illegal to use the copy for any further reproduction 
2. The organization making and furnishing the copy does so 
without profit to itself 
3. Proper acknowledgment is given to the publication from 
which the copy is made 
4. Not more than one copy of any one excerpt shall be 
furnished to any one person. 

‘The exemption from liability of the library, archives office, 


museum or information service herein provided shall extend 


to every officer, agent or employee of such organization in 
the making and delivery of such reproduction when acting 
within the scope of his authority of employment. This 
exemption for the organization itself carries with it a responsi- 
bility to see that employees caution those receiving copies 
against the misuse of material reproduced. 

‘We reserve the right to take action against any person or 
organization copying or misusing for any purpose whatever 
the whole or part of a work published by us without abiding 
by the conditions laid down herein unless the person or 
organization has our special permission in respect of the 
item to be copied. 

‘We reserve the right to withdraw this declaration.’ 


SCIENCE MUSEUM LIBRARY: 
PHOTOPRINT SERVICE 

UNDER the terms of the Royal Society’s Declaration on Fair 
Copying (see above) and the Copyright Act 1956 the Science 
Museum Library is permitted to supply photoprints of 
atticles from many of the periodicals it holds. The charge is 
5s. for each article requiring not more than five photographs 
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(a maximum of 10 consecutive pages). Longer articles cost 
5s. for each 10 pages or fraction thereof. 

A member of The Institution who requires a photoprint of 
material appearing in a technical periodical should inform 
the Librarian of The Institution and should supply as many 
bibliographical details as possible. These will be verified and 
the appropriate requisition forms bearing an undertaking with 
regard to copyright will be forwarded to the member for 
signature. The signed forms should then be sent direct to 
the Science Library (Photocopy), Science Museum, South 
Kensington, London S.W.7. 

No remittance should be sent until an invoice has been 
received from The Institution. 

Members may like to be reminded that reprints of many 
recent papers published in the Proceedings are available on 
request from the Secretary of The Institution at a price of 2s. 
per reprint (see p. 41). 


MEMBERS TRAVELLING TO AND FROM 
THE UNITED KINGDOM 


MEMBERS visiting or taking up residence in the areas of any 
of the Oversea Branches, Oversea Committees or Joint 
Groups which are listed on pp. 70 and 71 are invited to 
apply to the Secretary of The Institution for a letter of intro- 
duction to the appropriate Honorary Secretary. 

If members coming home from oversea will inform the 
Secretary of The Institution of their address in this country, 
even if they do not desire a change of address to be recorded 
in the Institution register, arrangements will be made for them 
to be sent information about the various meetings etc. of The 
Institution and its local Centres and when occasion arises for 
them to be put in touch with other members. 

The Secretary will be glad if members from oversea who are 
able to visit the Institution premises will call on him. 


COMMUNICATIONS FROM OVERSEA 
MEMBERS 

OVERSEA members are specially invited to submit for publica- 
tion in the Proceedings written communications on papers 
read before The Institution or published in the Proceedings 
without being read. The contributor’s country of residence 
will be indicated. Brief articles, items of news and photographs 
intended for the Journal will also be welcome. 

Copies of all papers which will be read before The Institu- 
tion are sent to each Oversea Representative of the Council 
for distribution to members likely to be in a position to submit 
communications. 


STUDENTS’ QUARTERLY JOURNAL 


THE December 1959 issue of the Students’ Quarterly Journal 
is a 54-page number containing articles on preventing crane 
collisions electronically by R. J. Meredith; high-frequency 
rotating machines by B. James; modern trends in carrier 
telephone equipment by J. B. Gopsill; plant commissioning 
by R. Keers; the computation of train performance by B. A. 
Tomlinson; and a.c. circuit-breaking processes by P. E. Secker. 

Nine books are reviewed and there are nine pages of news 
from the Sections. 
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NON-DESTRUCTIVE TESTING 
THE Non-Destructive Testing Group of the Institute of Physics 
will hold a meeting in London from the 2nd to 4th May 1960 
jointly with the Société Francaise de Métallurgie. The 
programme will have the general theme of the relationship 
between structure and physical properties of materials and 
will cover recent advances in non-destructive testing techniques. 
Further details are available from the Secretary of the 
Institute of Physics, 47 Belgrave Square, London S.W.1. 


ANNUAL LECTURE OF THE PLASTICS 

INSTITUTE 

THE Earl of Verulam will deliver the 11th annual lecture of the 

Plastics Institute on the subject of ‘The brink of the unknown’. 
The meeting will be held in the Reardon Smith Lecture 

Theatre, National Museum of Wales, Cardiff, at 6.30 p.m. on 

Thursday, 7th April 1960. 


GRADUATE COURSES IN INFORMATION 
ENGINEERING AND IN THE THEORY OF 
ELECTRICAL MACHINERY 

IT is announced by the University of Birmingham that their 
next 12-month graduate course in information engineering 
will begin on the Ist October 1960 and end on the 30th 
September 1961. Subjects available cover communications, 
radar, computers and control systems, with some degree of 
choice to suit individual requirements. Suitably qualified 
students (preferably with some industrial experience) can 
qualify for the degree of M.Sc. on satisfactory completion of 
the course. It is sometimes possible to admit to courses of 
lectures on individual topics engineers who can be seconded 
from industry for a period of five weeks only. 

The university has instituted a new graduate course in the 
theory of electrical machinery. It is primarily intended for 
honours graduates in electrical engineering, is of 12 months’ 
duration and leads to the degree of M.Sc. The next course 
begins on the Ist October 1960. 

Inquiries concerning the courses should be addressed to the 
Supervisor of Graduate Courses, Electrical Engineering 
Department, The University, Edgbaston, Birmingham 15. 


ATOMIC EXPOSITION AND NUCLEAR 
CONGRESS 

AN atomic exposition and nuclear congress will be held in the 
New York Coliseum in New York City, U.S.A., from the 
4th to 7th April 1960. The event is sponsored through the 
Nuclear Congress by 28 leading American engineering, 
scientific, management and technical organizations. 

All phases of the peaceful use of atomic energy will be 
covered in 25 sessions during the congress. Further details 
may be obtained from the International Atomic Exposition, 
117 South 17th Street, Philadelphia 3, Pa., U.S.A. 


SUPERCONDUCTIVE TECHNIQUES FOR 
COMPUTING SYSTEMS 

A SYMPOSIUM On superconductive techniques for computing 
systems, sponsored by the Information Systems Branch of the 
Office of Naval Research of the United States Department of 
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the Navy, is to be held on the 17th and 18th May 1960 ip 
Washington, D.C. 

The purpose of the symposium is to bring together scientists 
and engineers engaged in research on cryogenic devices. About 
16 papers will be presented and attendance is open to all 
interested persons. 

Further information may be obtained from Miss Josephine 
Leno, Code 430A, Office of Naval Research, Washington 25, 
D.C., U.S.A. 


AUTOMATIC CONTROL CONFERENCE 

A JOINT automatic control conference will be held at the 
Massachusetts Institute of Technology, Boston, Massachu- 
setts, U.S.A., from the 7th to 9th September 1960. The 
sponsors of the conference are the American Society of 
Mechanical Engineers with the participation of the Institute 
of Radio Engineers, the American Institute of Electrical 
Engineers and the Instrument Society of America. 





OVERSEA ATTENDANCE REGISTER 

DURING the period 16th November to 16th December 1959 these 
members called at the Institution building and signed the Attendance 
Register of Oversea Members: 


ANDREW, F. J. (Masterton, N.Z.) 


RAMAMURTHY, S. (Mettur Dam, India) 
ARNOT, R. S. (Kitwe, Northern Rhodesia) 3 


SINGHASIRIWEERA, K. G. 


BRAZEL, E. H. (Madras) Ceylon) 

GHELANI, N. T. (Bombay) WALTER, P. M. H. (Mt. Isa, Queensland) 
HITCHCOX, G. I. (Wellington, N.Z.) WIDGERY, K. H. (Accra, Ghana) 
KANE, T. (Aden) WILSON, A. K. (Auckland, N.Z.) 


LOUGHLIN, W. Cc. (Gwelo, Southern 


Rhodesia) 


Changes at the Radio Research Station 
5 pun Council for Scientific and Industrial Research has 

authorized changes in the terms of reference of the Radio 
Research Station, D.S.I.R. 

The R.R.S. has an international reputation for its detailed 
studies of the propagation of radio waves by way of the 
ionosphere and the troposphere. Recently the programme 
has been reviewed and its scope has been extended so as to 
take advantage of the new techniques provided by rockets 
and artificial earth satellites. 

Under its new terms of reference the R.R.S. will under- 
take investigations of the upper atmosphere and outer spac 
both by radio and by non-radio methods. Half the total staff 
effort (amounting to about 80 scientists and assistants) wil 
be made available for this purpose. The necessary additional 
staff are being recruited. 

The work of the station has already been enlarged to 
include the use of radio and optical methods for tracking 
satellites, and steps have been taken for the provision of 4 
radio telescope. It is the intention to extend the space research 
further. 


COLLABORATION IN FUSION RESEARCH 
HE United Kingdom and Euratom have agreed that it is 
desirable to organize and develop close collaboration if 
the study of controlled thermonuclear reactions (fusion) for 
peaceful purposes including exchange of personnel and com 
parison of programmes with the object of avoiding unneces 
sary duplication of effort. 
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ORDINARY MEETINGS 


The application of irradiation in industry 


T a meeting on the 5th November 1959 at Savoy Place 

Mr. M. C. Crowley-Milling presented his paper on ‘The 
application of irradiation in industry’. The President, Sir 
Willis Jackson, was in the chair. The paper is reviewed on 
p. 23. 

The author gave an interesting survey of the application 
of ionizing radiation. Ultraviolet radiation was not really 
included in the scope of the paper but he referred to an instal- 
lation which had been set up in Houston, Kentucky, as long 
ago as 1917 for treating 3 million gallons of water a day by 
means of mercury-arc lamps with quartz envelopes. Irradiation 
has been applied to polymers and this showed great promise 
in allowing temperatures necessary for the hospital steriliza- 
tion of polythene but the need for this has been met by a 
further development of high-density polythene which has 
largely eliminated the use of irradiation. 

Perhaps one of the main applications may lie in chain 
processes where the irradiation acts as a catalyst and affects 
many more molecules than by direct impact. Cracking of 
hydrocarbons at reduced temperatures is an example. Irradia- 
tion is being applied increasingly to the sterilization of 
pharmaceutical materials. Irradiated eye-drops are on sale in 
the United States. 

Of particular interest to the author was an application to the 
sterilization of sutures, as he was responsible for the original 
tests in this country in 1952, He described an installation 
in the United States for the treatment of 2-3 million sutures 
per month. Previously the sutures were packed in glass tubes 
under alcohol, now replaced by a special sandwich packet 
‘of foil and polythene subsequently irradiated. A comparison 
of the two types of package is shown in Fig. A. 

Mr. Crowley-Milling referred to a factory in Australia 
which is the first truly commercial plant, installed for treating 
goats’ hair to overcome the danger of anthrax. The irradiation 
of food must be approached with some caution but much 





A Old and new forms of package for surgical sutures 
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LONDON REPORT 








B= Arrangement of package-irradiation plant 





work has been done on the sterilization of grain and on 
preventing potatoes from sprouting. A study has been made of 
a nuclear-powered whaler where the reactor provides the 
motive power and process steam and an indium loop is used 
for the irradiation and preservation of a greater proportion 
of the meat than is now possible. 


Isotopes or electron-beam machines? 


In the discussion it was agreed that sources of irradiation 
are now adequately available and further development awaits 
application of the equipment by chemists, pharmaceutists and 
food experts. 

The main controversy centred on whether isotopes or 
electron-beam machines are the best source of irradiation. 
Mr. S. Jefferson stoutly advocated isotopes. Cobalt 60 can be 
supplied up to a megacurie, and a kilowatt of y-ray energy 
costs £20000. y-radiation can be used without opening pack- 
ages or tubes and it does not give rise to photo-neutrons. 

He described an irradiation plant at Wantage (see October 
1959 Journal, p. 566). This package-irradiation plant is a 
means of processing material over a wide range of dosages 
from a few hundred rads to several megarads. Initially it will 
be fitted with 150000 curies of cobalt 60 but it is capable of 
containing 5 megacuries. The radioactive material is stored in 
a water pond built into the floor of the irradiation chamber. 
In operation the chamber is closed and the source hoisted 
into the middle of a special conveyor which moves a standard- 
sized package to and fro across each side of the source which 
is in the form of a slab. The packages to be treated are 
automatically handled from one store and delivered to a 
second store after processing. The plant arrangement is 
depicted in Fig. B. 

Subsequent speakers assailed Mr. Jefferson’s criticism of 
electron irradiation as inducing significant radioactivity and 
before the author finally replied Mr. Jefferson was given an 
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London report (continued) 


opportunity to defend himself. He agreed that it is not until 
the 10-15 MeV region is reached that there is real concern. 

The author welcomed the indication that the cost of 
irradiation is decreasing. Machine costs are still comparable 
with the cost of isotopes, particularly if an allowance is made 
for the replacement of isotopes and for the fact that the 
efficiency of the electron sources in irradiation could be made 
as high as 80% against about 30% for isotopes. 

Mr. T. E. Houghton, Chairman of the Utilization Section, 
who had a specialized interest in the paper, proposed the vote 
of thanks. J. M. F. 


Low-pressure resins 


"Ee Novocastria semper aliquid novi’—at least in the field 
of switchgear. At Savoy Place on the 26th November 1959 
we heard with pleasure yet one more in the long series of 
papers in which our friends from the north-east have for many 
years epitomized some of the most interesting developments 
in switchgear and protective gear. On this occasion the theme 
was the application of a new material—low-pressure cast 
resin—to the insulation of a variety of types of switchgear 
and instrument transformer. The paper, by Messrs. T. R. 
Manley, K. Rothwell and W. Gray, is reviewed on p. 26. 

The introduction of a new material always presents a 
challenge to the engineer. To the designer and manufacturer 
it gives the opportunity of new thinking and of departing 
from established habits. Before the user it places the question 
whether he shall provide the opportunity for trying out in 
service, maybe at the risk of suffering initial disappointments, 
a type of apparatus or component of which he has had no 
experience. 

The authors disarmed us at the beginning by a full account 
of many of the teething troubles they had met and how they 
had overcome them. The principal difficulty is cracking due 
mainly to the large shrinkage and relatively high coefficient 
of thermal expansion of the resins. They went on to describe 
designs of current and voltage transformers and of medium- 
and high-voltage switchgear using the new material and 
demonstrated the economies in space and the improvements in 
security and mechanical robustness that they had been able 
so to obtain. 

They concluded with a brief review of some of the develop- 
ments that might come in the future—all-insulated construc- 
tion of enclosed switchgear, epoxy-resin paper bushings, and 
the use of glass reinforcement; and they dwelt on the charms 
of bent rather than straight bushings. They had boundless 
enthusiasm for their new development except that they did 
not think that without great improvement it would have 
much application as an outdoor insulation. 


Optimists and sceptics 

The contributors to the discussion could be divided roughly 
into the optimists and the sceptics. The latter were led by Mr. 
D. M. Cherry who warned us of the vices that might lie 
hidden under the fair surface of the authors’ castings and was 
uneasy about their methods of testing. In particular he thought 
they were rash in permitting discharges up to 200pC at 15% 
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overvoltage, a view that was supported by some other 
speakers. Mr. W. A. McNeill, declaring his interest ip 
porcelain, was all for a marriage of the new with the old 
material, hoping it seemed that vices would cancel out and 
virtues prevail. 

Mr. H. Davies, Dr. J. H. Mason and Mr. K. H. Stark 
dealt with problems of resistance to damp and tracking, of 
curing and of testing. Mr. W. J. Brown came down firmly 
on the side of optimism: epoxide resins were the most exciting 
materials to become available since the phenolics. He made 
the important point that the possibility of casting insulation 
set the designer free from the tyranny of plates and cylinders 
to revel in the creation of forms according to his fancy. Mr, 
N. Care, Mr. R. J. Males, and Mr. W.B. Robertshaw were full 
of confidence and gave us some of their reasons. Mr. Males 
felt that the authors were being overcautious in applying cast 
resin to the higher voltages and he was supported by Mr, 
F. J. Miranda who was already using it at 330kV. 

Mr. Gray replied. He stuck to his 200pC. It had proveda 
satisfactory criterion—why make life needlessly difficult? He 
emphasized the utility of examining sample castings in clear 
resin by polarized light as a means of eliminating the causes of 
cracking. As usual he radiated confidence and determination 
and it seemed quite evident that in another few years we might 
expect from him and his colleagues an interesting sequel to the 
present paper. Cc. 3. Om 


DISTRICT MEETING AT READING 


Electronic computers explained 


AN introduction to electronic computers’ which was the 
title of the talk by Mr. R. C. M. Barnes attracted a large 
attendance to the meeting on the 23rd November 1959 
presided over by Mr. S. D. Abercrombie. 

After a brief summary indicating the vast range of devices 
covered by the title the talk was mainly concerned with 
general-purpose digital computers. A simple schematic 
of a typical stored-programme computer was built up to 
show how the store holds numbers which are transferred to 
and from the arithmetic unit and also instructions which are 
transferred to the control unit. The representation of numbers 
was explained, with emphasis on the importance of the binary 
scale with its absurdly simple addition and multiplication 
tables. 

A review of the history of electronic computers touched on 
a few of the highlights in the development from Eniac to 
modern computers using transistors and ferrite cores. The 
rapid growth in computers and computing was illustrated by 
the machines used at the Atomic Energy Research Establish- 
ment, starting with hand computing and a slow automatic 
computer using Dekatrons and relays and culminating in the 
use of the latest electronic computers today with a requirement 
for much faster computers in the immediate future. 

The lecturer concluded by mentioning a few new features 
such as time-sharing as a means of employing large fast 
computers economically; computer elements utilizing the 
phenomenon of superconductivity ; and the limitations imposed 
on the over-all size of a very fast computer by the velocity 
of propagation of signals along its internal connections. 
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Probably one of the most absorbing topics raised in the 
long and interesting discussion was the extent to which com- 
puters could be applied for business purposes at various levels 
in the scale from giant organizations to small firms. 


EAST MIDLAND CENTRE 


Annual Dinner 


HE Annual Dinner was held at the Victoria Station 
Hotel, Nottingham, on the 18th November 1959. It was 
attended by Mr. G. S. C. Lucas, Vice-President, the Lord 
Mayor of Nottingham and a number of distinguished local 
people including Mr. J. N. Frears who proposed the toast of 
The Institution and Mr. C. R. King, Chairman of the Elec- 
tricity Council, who responded to the toast ‘Our guests’. 
The speeches were brief and mainly light-hearted, and after 
the dinner there was the usual reunion. 
This year’s Dinner has been booked at the same place on 
the 16th November 1960. 


Faraday Lecture 


The Faraday Lecture proved as popular as ever and the Albert 
Hall, Nottingham, was almost full for both sessions on the 
3rd December 1959. 

The City Education Department made all the arrangements 
for some 1650 senior school-children and staff to attend in 
the afternoon, one of whom, the Head Boy from Carlton le 
Willows School, thanked the Lecturer on behalf of all present. 

The demand for seats this year was so heavy that the Hall 
could easily have been filled twice over, the Assistant Secretary 
having the unfortunate task of refusing approximately 1500 
applications, quite a large number from schools and technical 


. colleges. This was after the issue of about 15% more tickets 


than the amount of seating available. 

It seems that other Centres have this same difficulty and it 
would be interesting to hear of any way of improving the 
situation. 


Dinner-Dance 


The Dinner-Dance will be held on the 19th February 1960 at 
the Victoria Station Hotel and application forms are being 
sent out this month. Owing to difficulty with the control of 
the boilers last year the members became rather overheated 
80 this time we propose to turn the heat off very early and 
trust that those attending will assist by keeping themselves 
warm, N. F. M. 


NORTH-EASTERN CENTRE 


The changing scene 
HE 1959-60 Session of the Centre opened with a flash, 
the result of which is shown in the accompanying photo- 
graph. The retiring Chairman, Mr. A. T. Crawford, is shown 
ina jovial mood calling on Mr. H. Watson-Jones to give his 
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For putting over the subject in such an understandable 
manner and for dealing so patiently with the many questions, 
the appreciation of the members was ably expressed to Mr. 
Barnes by Mr. W. F. Sands. B. B, 





News from the Centres 






Opening Meeting of the North-Eastern Centre 





Chairman’s Address. As this is the Centre’s Diamond 
Jubilee Year Mr. Watson-Jones had given his Address the 
title ‘The changing scene’, It dealt with the achievements of 
many past and present members of the Centre. Particular 
interest was shown in the slides depicting the atomic power 
stations which are being constructed by local firms. It is 
hoped to publish in the Journal in due course an article based 
on part of the Address. 

Before handing over the Chairmanship Mr. Crawford had 
the pleasing duty of presenting the John Hopkinson Premium 
to Messrs. F. C. Winfield, T. W. Wilcox and G. Lyon for 
their paper ‘The design of the 330kV transmission system for 
Rhodesia’ (September 1958 Journal, p. 485), the Utilization 
Section Premium to Dr. B. C. Robinson and Mr. A. I. Winder 
for their paper ‘Supply-voltage and current variations 
produced by a 60-ton 3-phase electric arc furnace’ (June 1958 
Journal, p. 314), and a Student Section Premium to Mr. J. A. 
Denham for his paper ‘Insulation failure’ (December 1959 
Journal, p. 723). All are notable achievements for the Centre. 

Mr. J. F. Skipsey reviewed the work of the Benevolent 
Fund over the year and called on members to give generously 
at every opportunity as the Centre’s commitments had greatly 
increased. He was happy to report that the Golf Field Day 
had added £217 to the Fund. 

At the dinner following the meeting the Committee were 
joined by Prof. J. C. Prescott who has now retired from the 
Chair of Electrical Engineering at King’s College, Newcastle 
upon Tyne. Mr. Watson-Jones paid tribute to the years of 
service Prof. Prescott had given to the Centre in many 
capacities and hoped he would have a long and happy retire- 
ment; he announced that Prof. Prescott is doing part-time 
research work in Staffordshire where he is now living. 
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News from the Centres (continued) 


Measurement and Electronics Group 


The Measurement and Electronics Group is now meeting under 
its new title, in its new premises, with its new Chairman, Mr. 
C. C. Baxendale. The new place of meeting is Lecture Theatre 
D103, Rutherford College of Technology, Northumberland 
Road, Newcastle upon Tyne. Ample provision is made for the 
comfort of members and every aid is available for the needs 
of the lecturer. It is hoped that members will avail themselves 
of this improvement. W. H.C. 


TEES-SIDE SUB-CENTRE 


Modern steel-rolling plant 


HE 1959-60 Session opened on the 7th October 1959 when 

the new Chairman, Mr. M. A. Raisbeck, presented his 
Inaugural Address ‘Electrical aspects of modern steel-rolling 
plant, with particular reference to the Lackenby universal 
beam mill’. Mr. Raisbeck’s interesting Address will long be 
remembered for the excellent series of colour slides, taken by 
another member of the Sub-Centre, Mr. F. Linsley, which 
illustrated his text. 

Mr. Raisbeck was introduced by Mr. D. G. Furneaux 
(Past-Chairman) in the absence of Mr. L. F. Robson (the 
1958-59 Session Chairman) who has recently taken up a 
new appointment in London. 


Annual Dinner 


No one can accuse this Sub-Centre of being superstitious for 
there was a record attendance of 150 members and guests for 
the Annual Dinner and Reunion at the Zetland Hotel, 
Saltburn by Sea, on Friday, 13th November 1959 and the 





Tees-Side Sub-Centre Annual Dinner 


Left to right: Mr. Raisbeck, Mr. Fairburn, Mr. Humphreys and Mr. 
Palmer 





capacity of the hotel was stretched to the limit. Mr. E. G. 
Fairburn in proposing the toast of The Institution referred to 
the diverse activities of electrical engineers and to the even 
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wider scope they may have in the future. Mr. O. W, 
Humphreys, Vice-President, responded to the toast and spoke 
of the efforts now being made to improve the ‘lines of com. 
munication’ between the ordinary members of The Institution 
and the Council and of the continued expansion of The 
Institution’s activities. 

Cmdr. J. C. Turnbull, R.N., in proposing the toast of ‘The 
guests’ recounted in a light-hearted way the various achieve. 
ments of the principal guests. This toast was responded to by 
Mr. A. M. F. Palmer who until the recent General Election 
represented the Cleveland Division (in which Saltburn is 
situated) in Parliament and was one of the few Chartered 
Electrical Engineers in the House of Commons. Among other 
guests were Mr. H. Watson-Jones and Mr. R. Bruce, Chairman 
and Honorary Secretary respectively of the North-Westem 
Centre. After the speeches the Reunion proceeded on tradi- 
tional lines until the early hours of the morning. D. W. P, 


Adequate wiring 


The 4th November 1959 was another important date in the 
Sub-Centre calendar for on that day the symposium on 
adequate electrical installations was presented in Middles- 
brough. An innovation was the introduction of an afternoon 
session so that the whole field of the symposium could be 
dealt with adequately. 

At this session 52 members and visitors including many 
local architects, builders, contractors and local-government 
representatives heard Mr. C. C. Hyams present his paper on 
‘Housing’ and also a précis of Mr. C. A. Belcher’s paper 
*‘Multi-storey flats and maisonettes’. There was an even larger 
attendance at the evening session when Mr. E. E. Jacobi 
gave us his paper ‘Commercial buildings’ and also read a 
summary and showed the very fine slides from Mr. J. A. 
Sharp’s paper ‘Small industrial premises’. Both sessions were 
completed by a vigorous discussion. 


SHEFFIELD SUB-CENTRE 


Faraday Lecture 


 eoeseal again maintained its high reputation in the 
attendance at the 1959-60 Faraday Lecture when over 
2300 people packed the City Hall on the Ist December 1959 
to hear Prof. M. G. Say deliver it. 

The Sub-Centre Chairman, Mr. F. G. Tyack, opened the 
meeting by welcoming to the platform the Master Cutler, Mr. 
P. J. C. Bovill, who honoured us by being chairman for the 
Lecture. Introducing the Lecturer the Master Cutler referred 
to the fact that he himself started life as a chemist and he liked 
to remind people that Faraday was a chemist of great dis- 
tinction as well as being a pioneer electrical engineer. Among 
Faraday’s discoveries in the field of chemistry were certain 
chlorides that were now used extensively in part of his own 
factories. 

The Lecture fully upheld the high tradition now associated 
with this annual event and the audience warmly applauded 
Prof. Say’s remarkable feat in bringing high scholarship im 
electrical science within the understanding and appreciation 
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of the ‘ordinary’ man and woman. The Lecture was out- 
standing for the interest stimulated among the many young 
people present, not least by the ‘hair-raising’ exploits of a Van 
de Graaff machine and its application to atomic physics. 

The emphasis given to Faraday’s high moral character as 
being a major factor in his life and work did not go unnoticed 
and Prof. Say’s wit and good-humour added that extra touch 
to make the evening a memorable occasion. 

A vote of thanks was proposed by the North Midland 
Centre Chairman, Prof. G. W. Carter. Following the Lecture 
the Sub-Committee entertained the Lecturer and the Master 
and Mistress Cutler to dinner. 3. we & 


SCOTTISH CENTRE 


Glasgow Dinner-Dance 


tT the Glasgow Dinner-Dance on the 17th November 
1959 about 330 members and guests assembled at the 
Grosvenor Restaurant under the Chairmanship of Mr. J. A. 
Aked. The toast of The Institution was proposed by Sir 
David Anderson who had recently retired from the Director- 
ship of the Royal College of Science and Technology; Sir 
David discussed the work of heavy- and light-current engineers 
and the benefits they had brought to mankind; although, he 
said, it was his duty to propose a toast to the future of The 
Institution he thought this future to be so well assured that it 
might be more appropriate to express gratitude for past 
achievements. Sir Hamish MacLaren, Vice-President, replied. 
The formal proceedings were interrupted at this moment 
for the presentation of the Hutcheson—Winning Golf Trophy; 
with an extremely delightful speech Mrs. J. A. Aked presented 
the cup to Mr. A. Menzies who had won the competition at 
Pitlochry in May 1959. 
The toast of ‘The guests’ was proposed by Mr. J. E. Sayers, 
Chairman of the South-West Scotland Sub-Centre; Mr. 


_ Sayers had thought to introduce originality into his proposal 


by demanding that, as in olden times, there should actually 
be toast in the wine, that it should be drunk in true Highland 
fashion with one foot on the table, or that, before drinking, 
the glass should be passed over the finger-bow] in memory of 
the King over the water. 

Each idea in turn was vetoed by the Honorary Secretary 
because there was not time to make toast, feet on the table was 
considered indecorous and The Institution could not afford 
finger-bowls. Mr. Sayers thus had to fall back on more con- 
ventional tributes which he paid in a most charming manner 
and to which Mr. A. Thomson, Chairman of The Institution 
of Civil Engineers, Glasgow and West of Scotland Association, 
replied. 

Finally Mr. R. B. Anderson, Senior Vice-Chairman, 
proposed the toast of the Chairman, commenting particularly 
on how adequately he had ‘filled’ the Chair and on how much 
all had enjoyed the way in which he had, with his Yorkshire- 
modulated Scottish accent, conducted the proceedings. 
Dancing continued until 1 a.m., an hour longer than on pre- 
vious occasions, and this innovation was much appreciated 
and will probably become a permanent feature of the 
time-table. 


JANUARY 1960 


The Faraday Lecture 


The first Faraday Lecture was given before The Institution in 
1924 by Prof. G. W. O. Howe and of all the Lectures given 
since that date few have been more closely associated with the 
work of Faraday than this year’s Lecture by Prof. M. G. Say 
on ‘Electrical machines’ given for the first time in St. Andrew’s 
Hall, Glasgow, on the 25th November 1959. This was the 
first occasion since Prof. Howe’s initial Lecture that the 
Scottish Centre had had the honour of providing the Faraday 
Lecturer and the audience of 1700 gave Prof. Say a special 
welcome as he stepped onto the stage. 

From the first hair-raising demonstration, through some 
extremely lucid explanations of how a machine works, an 
interlude about Faraday himself, and films of large and small 
machines, down to the last demonstration with an electro- 
magnetic dart-thrower the audience were completely capti- 
vated; their appreciation was shown by the very hearty 
acclamation with which they supported the vote of thanks 
proposed by that doyen of the Scottish Centre, Mr. Duncan 
Low. The enjoyment of the evening was enhanced by the organ 
music played before the Lecture by Michael Hastie, the son 
of a recent Past-Chairman of the Centre. ot 


NORTH STAFFORDSHIRE SUB-CENTRE 


Information in control systems 


HE first meeting of the session, held at Stone on the 9th 

October 1959, began as usual in the charge of the retiring 
Chairman, Mr.R. W. Palmer, who had the pleasure of present- 
ing a Graduate and Student Section Premium Certificate to 
Mr. R. B. Larkinson for his paper on ‘The use of analogue 
computers in the analysis of rolling-mill control systems’ 
(this is reviewed on p. 34) and formally welcomed three 
recently elected Corporate members. He then introduced Mr. 
G. F. Peirson, Chairman of the South Midland Centre, who 
said he was pleased to visit the Sub-Centre, which he had 
always found to be such a friendly group, and expressed his 
wishes for every success in the coming sessioz:. 

The Chairman invited Mr. A. Asbury to give his Address on 
‘The use of information in control systems’ in which he 
described the development of control-system design and 
application. Examples in illustration were chosen from the 
rolling-mill field. An article based on the Address will be 
published in the Journal in due course. Mr. G. H. Gillam, 
proposing a vote of thanks to Mr. Asbury, said he had not 
previously realized the exciting nature of this work and 
commented on the thought and care which must have been 
given to the development of this class of equipment to make 
it so accurate and reliable in the adverse conditions found in 
rolling mills. 

Mr. Palmer then said his term of office, which he had 
enjoyed so much, was ending. He thought it had been a good 
year and wished to say ‘thanks and farewell’. He invited Mr. 
Asbury to take the chair and wished him a happy year of 
office. Mr. Asbury expressed his appreciation of the honour 
conferred on him and sincerely thanked Mr. Palmer for the 
excellent work he had done during the past year. He referred 
particularly to his efforts resulting in a happy Committee, 
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News from the Centres (continued) 


the members of which he had cajoled so well as to make them 
think they were doing the work willingly. 

Mr. Peirson presented a copy of ‘The history of The 
Institution’ to Mr. Palmer as a memento of his year of office. 


Locomotives and cables 

A very successful District Meeting was held at Crewe on the 
19th October 1959 when Mr. C. M. Cock’s paper on ‘The 
Deltic locomotive’ was read, in his unavoidable absence, by 
Mr. W. G. Jowett. This topical paper drew an attendance of 
about 100 members and friends in this noted railway centre 
and the description of the locomotive and of experience 
gained in service held their close interest. The paper was 
illustrated by slides and also by a short film showing the 
rapid changing of the power unit when overhaul is required. 
A review of the paper appeared in the March 1959 Journal, 
p. 135. 

Mr. J. W. H. Morgan opened the discussion in which many 
members took part and Dr. T. E. Calverley proposed a vote 
of thanks to Mr. Jowett for his excellent presentation. He 
referred to the fundamental changes now taking place in 
railway work as represented by the Diesel-electric locomotive 
forming the subject of the paper, while main-line electrifica- 
tion was also proceeding rapidly in the vicinity of Crewe. 

At the meeting in Stoke on Trent on the 30th October 1959 
the Chairman, Mr. Asbury, introduced Mr. E. P. G. Thornton 
and Mr. D. H. Booth who presented their paper ‘Design and 
performance of the gas-filled cable system’ (for review see 
February 1959 Journal, p. 98). Mr. Booth read the paper, 
illustrating his talk with colour slides. He outlined the principal 
features and developments in the design of the gas-filled cable 
and discussed the experience gained during 20 years of 
operation. 

The discussion was opened by Mr. P. Finch who described 
the special difficulties met in the Stoke on Trent area resulting 
from mining subsidence and ground which had been levelled 
up extensively by using the refuse from pottery factories. He 
discussed the precautions which had been found reasonably 
successful in meeting these conditions in the past and the 
development of servings capable of withstanding the bad 
ground. 

Mr. Thornton replied to the discussion and Mr. H. G. 
Gillam proposed a vote of thanks to the authors in which he 
said he had been impressed by the excellence of their photo- 
graphy and by their frankness in presenting the operating 
experience gained. Mr. Thornton had faced a barrage of 
questions which he had dealt with admirably. 

As a result of the financial success of the Joint Annual 
Dance and the Annual Dinner last session it has been possible 
to make a donation to the Benevolent Fund of 15 guineas from 
the Entertainment Fund of the Sub-Centre. L. G. 


WESTERN CENTRE 
Chairmen’s Addresses 


HE ‘Chairman’s Address’ part of the 1959-60 Session has 
come and gone and the hard-thinking, controversial period 
has begun. Judging from the meetings already held the session 
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appears to have become as active and well attended as previous 
ones; there prevail the spirit of achievement and the desire to 
do better than ever. 


Development of industrial load 


The first Address was that to the Centre by the Chairman, 
Mr. Henry Jackson. As he has spent about 30 years in the 
supply industry and has of recent years been specially con. 
cerned with industrial supplies it was perhaps natural that 
his subject should be ‘The development of industrial load’, 
Incidentally, he made the point that commercial engineers 
who have to deal with industrial supplies need to be of a good 
technical standing and to have an intimate knowledge of their 
industrial consumers, 

In the South Wales area 72% of all the energy sold is 
industrial and therefore no apology was needed for dealing 
with this important subject. 

Mr. Jackson devoted the greater portion of his talk to 
electro-heat, a subject he has made his own. He was invited 
last year to read a paper in Italy before the International 
Congress of Electro-Heat and it was apparent from his 
Address that this is a field that has great possibilities in 
the future. 


Distribution substations 


The Address to the Supply Group was delivered by Mr. 
Norman Care who took as his subject ‘Distribution substations, 
past, present and future’. Mr. Care belongs to the unusual 
ones who have spent many years in the supply industry and 
are now engaged in the manufacturing industry, a combination 
which is proving very successful. The main theme of his 
Address was the growing difficulty of coping with the increase 
in the consumption of electricity and of providing adequate 
controlling and protective facilities. An article based on part 
of Mr. Care’s Address will be published in the Journal in due 
course. 

In our towns the provision of space for substations in 
suitable places is becoming more and more difficult and this is 
not any less of a problem because of increasing voltages used 
for distribution. Mr. Care has a wonderful set of slides showing’ 
unusual substations in this country and abroad and gave 
particular attention to the development of package stations 
which are now becoming of increasing importance. Finally 
he showed a short film of how these package stations have 
been dealt with abroad. The Address was stimulating and 
ventilated a topic which will prove more and more deserving 
of deep consideration. 


Heavy-chemical industry 


In the Utilization Group the Chairman, Mr. Philip Smith, 
did not give an Address but the Section Chairman, Mt 
T. E. Houghton, gave his Address on ‘The electrical engineet 
and the heavy-chemical industry’ (see summary on p. 21). 
The subject was of great interest to the Centre as we havea 
number of concerns in this category. The meeting expressed 
its gratitude to Mr. Houghton for coming to give the Address 
and its good wishes for his year of office. 


JOURNAL I.E.E. 
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RHODESIA 


Visit of the President and Secretary to 
Salisbury 

N outstanding event for Rhodesian members was the visit 
As Mr. S. E. Goodall and Mr. W. K. Brasher to Salis- 
bury on their way to attend the jubilee celebrations of the 
South African Institute of Electrical Engineers. They arrived 
from Nairobi on the 3lst August 1959 and departed for 
Johannesburg all too soon on the Sth September. It was the 
first time a President in office had visited the city. 

A fairly busy programme had been arranged for them 
which was not all entertainment and sight-seeing. Much 
solid work was put in, not alone on direct Institution affairs, 
and their ready advice and assistance on various subjects 
such as the training of engineers were greatly appreciated by 
members. 


Different viewpoints 

On the lighter side the visitors and their ladies called at the 
tobacco-auction floors in Salisbury where Rhodesia’s annual 
crop of leaf tobacco is sold. The sales started about Easter, 
up to 1 million Ib being dealt with daily. 

While all were equally intrigued by the auctioning methods 
employed, perhaps the non-smoking President and smoker 
Secretary viewed the proceedings from somewhat different 
standpoints. An inspection of a tobacco factory completed 
their education on this subject and at the same time provided 
them with an interesting insight into the modern housing of 
African employees which is a feature of this factory. 

A visit of more technical interest was that to the Kariba 


_ hydroelectric undertaking on the Zambezi River where the 





At the gathering in Salisbury on the 3rd September 1959 


Left to right: G. R. Peterson, A. R. Sibson, Mr. Goodall, A. B. Cowen (Oversea Representative of 
the Council for Rhodesia), T. K. A. Douglas, Mr. Brasher, J. F. Bird, J. E. Mitchell, and A. Munro 
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Federal Power Board showed them round and provided a 
buffet luncheon at a vantage-point overlooking the partially 
filled lake which is to be the largest man-made one in the world. 
Like all visitors they found that the scale of this great under- 
taking surpassed their conception of it. 

The local B.E.A.M.A. were hosts at a luncheon presided 
over by Maj. J. F. Bird, and the Mashonaland Branch of the 
Rhodesian Institution of Engineers welcomed the visitors to 
their annual ladies’ night dinner. 


True Rhodesian style 


The highlight for Institution members was a cocktail 
party to meet Mr. Goodall and the Secretary. Scheduled for 
6-7.15 p.m. it carried on in true Rhodesian style until nearly 
9.0 p.m. An indication of enthusiasm is the fact that 89 
members or about one-third of the total scattered over the 
two Rhodesias were there to do honour to the guests. 

All were highly appreciative of the way Mr. Goodall made 
a point of meeting everyone present. a. BC. 


GHANA JOINT GROUP 
Visit of the Duke of Edinburgh 


HE Duke of Edinburgh and the Prime Minister of Ghana, 

Dr. Nkrumah, were the guests of honour at a luncheon 
in Accra on the 24th November 1959 which was organized by 
five professional societies—the three major engineering 
institutions, the Royal Institute of British Architects, and the 
Royal Institution of Chartered Surveyors. The Chairman 
of the Joint Group, Mr. T. C. M. Wigg, presided. 
We are indebted to the Ghana Times for the report on 
which the following abridgment is based. 

The Duke spoke of the importance of 
the work of the societies in building the new 
Ghana. But their responsibilities did not 
end there. ‘Many people seem to believe 
that Parliament is the beginning and the 
end of a democratic system. They fail to 
realize that the principle of democracy is 
not simply the Parliamentary system but 
the principle of self-government in every 
branch and activity of life. Free and 
responsible professional institutions are 
just as important as local and central self- 
government. 

‘You occupy positions of very great 
responsibility because the public relies 
upon you not just to maintain high 
professional standards but also to exercise 
a tight control on professional ethics. 
Whatever the circumstances, a high stan- 
dard of professional ability and ethics is 
essential for any healthy community, and 
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News from abroad (continued) 
the professional institution seems to be the best way to 
achieve this. 

‘The next few years, therefore, are going to be tremendously 
important as the number of people at present under training 
for the professions is increasing rapidly and it won’t be long 
before they start practising. This will mean that your societies 
will soon cease to be offshoots of the parent stems and become 
instead fully home-grown plants. 

‘From what you have said today and from what I have 
heard, this process is going very well indeed and this is a 
measure of the sympathy and understanding which exist 
between the British and Ghanaian members of your profes- 
sions. I am most grateful to you for your welcome and for 
your very kind hospitality. I wish you all every success and 
good fortune in your work and in the vital business of 
building strong and healthy professional societies for the 
benefit of all Ghana.’ 


Chairman’s welcome 

In a speech of welcome given earlier the Chairman informed 
the Duke that ‘in this young country just now there is a 
pronounced emphasis on development in every conceivable 
field which can contribute to improved standards. The 
pattern of things to come and the course of future develop- 
ment in this country in the next five years have been outlined 
in the Government’s excellent Second Development Plan. 

‘Running through the first 60 pages of that Plan is the 
insistence on the need for and the contribution required from 
the people who form our societies, which have the trained 
professional men necessary for the Plan’s implementation. 

‘Our societies have as their parent bodies—or, in the case 
of the architects, are affiliated to—five chartered institutions 
in the United Kingdom, each of the highest international 
standing. 

‘Some indication of the quality which our institutions 
represent can be gauged from the proud position they. occupy 
with Her Majesty as Patron and, with one exception, in having 
Your Royal Highness as an Honorary Member. 

“We are happy to think too that our Ghanaian membership 
is growing and has already become a significant proportion 
of our total membership. We are praud that several Ghanaians 
are already senior members in their particular branch of our 
professions. Large numbers are now being trained both in 
this country and oversea and they will gradually take their 
places in the particular branches of their choice; it is our 
earnest hope that they too will accept that quality and stan- 
dard which our parent institutions represent and that they 
will join our ranks. 

‘No doubt many of these young men will qualify in time to 
take their part along with the rest of us in this country’s 
bold, imaginative Development Plan, to which experts 
visiting this country officially from oversea have paid high 
tribute and have said it was well conceived and capable of 
realization. 

‘It is our conviction, Your Royal Highness, that you too 
subscribe to this view, and you are here in person to obtain 
first-hand confirmation. We know you will get that confirma- 
tion and will see for yourself that these same high standards 
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which are associated with your name throughout the Commop. 
wealth are becoming more and more manifest here in Ghana 
today. We all bid you a most hearty welcome.’ 


VICTORIA AND TASMANIA OVERSEA 
COMMITTEE 


Transistor convention 


CONVENTION on transistors and associated semiconductor 
devices was held on the 29th September 1959 at the 
Engineering School of the University of Melbourne. 

The attendance was extremely encouraging. In spite of very 
bad weather over 70 people attended the afternoon and 
evening sessions. 

The readers selected to present 11 papers which had been 
given at the Institution convention in London in May 1959 
acquitted themselves well, and good discussions followed, 
When the evening session closed at 10.15 p.m. the discussion 
was carried on in several small groups. 


Committee for 1959-60 


The constitution of the Committee is now as follows: J, 
Wilson (Chairman); G. T. Cuthbert, B.£. (Vice-Chairman); 
C. E. Moorhouse, M.E.E. (Oversea Representative); D. P. 
Davies, M.SC.(ENG.) (Honorary Secretary); N. H. Armfield; 
R. E. Bognor; A. E. Ferguson, M.£.£.; B. G. Gates, PH.D., 
B.SC.(ENG.); F. G. Hogg, B.£.; C. G. E. Joslin; H. M. Nelson, 
B.SC.(ENG.), B.SC.; and Group-Capt. A. G. Pither, R.A.A.F. 


WEST AFRICA JOINT GROUP 


A successful six months 


b pe six months from April to September 1959 were one 
of the most active and successful periods since the forma- 
tion of the Group. 

In April, with Mr. H. Steven in the chair, there was an 
informal discussion on the fuel resources of Nigeria which was 
an outstanding success and in which the rival claims of the 
three main indigenous sources of power, coal, oil and hydro- 
electricity, were contested in the liveliest manner. 

On the 22nd May a visit was paid to the locomotive main- 
tenance depot of the Nigerian Railway Corporation at Ebute 
Metta. On the 26th June a meeting under the chairmanship of 
Mr. A. G. Baker heard Mr. J. E. Bunyan present a paper on 
‘Some aspects of the design of hydraulic structures in 
alluvium’. 

A discussion on technical education on the 10th July was 
well attended and was opened by Mr. P. F. Martin on the 
theme that there was an urgent need for more facilities in 
Nigeria for part-time education of an intermediate or advanced 
technical level. A tape-recording was made of this vigorous 
discussion for the benefit of the Technical Education Sub- 
Committee. 

Mr. Baker’s Chairman’s Address on the 31st July on “The 
development of telephone exchanges’ was illustrated by dia- 
grams and slides of exchange-construction work in Nigeria 
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and gave an outline of the broad principles of manual and 
automatic telephone-exchange switching. 


Power-station visit 


There was an embarrassingly large attendance for a visit 
to H.M.S. Leopard in July. Mr. L. W. Ackroyd gave a paper 
on ‘Considerations on the road-construction qualities and 
engineering classification of some Western Nigerian soils’ to 
alarge audience at the August meeting. On the 11th September 
Mr. R. G. Roberts gave a talk on ‘Engineering applications of 
photogrammetry’ in which he discussed the geometric 
properties of aerial photographs and explained how these 


properties are combined with those of stereoscopic vision to 
produce special maps required for engineering projects and 
planning. 

The extension to Ijora ‘B’ power station was visited by 
over 30 members on the 12th September. They were shown 
the new 30MW turbo-alternator, the stator of which had 
been installed, together with the associated condensers and 
boilers and the various auxiliaries. 

Three authors described various aspects of a large and 
unusual civil-engineering project in Lagos at a meeting on the 
25th September. This was the new Fire Cowrie Creek Bridge 
which most members had visited several weeks previously. 

3. M. 





BULLETIN OF THE SECTIONS 


ELECTRONICS AND COMMUNICATIONS 


Eurovision at Savoy Place 


. development of Eurovision’ Mr. M. J. L. Pulling had 
an ideal topic for his Chairman’s Address to the Section 
on the 28th October 1959, for not only is it of great topical 
interest but, to use his own words, it lends itself to treatment 
ina way which does not require too much technical descrip- 
tion or reasoning. An article based on the Address will 
shortly be published in the Journal. 

Perhaps what stood out most of all was the rapid increase 
in technical quality and geographical scope of Eurovision 
from very modest beginnings. Indeed we were let into the 
secret of the improvisations of the early tests with the admis- 
sion that the pictures were on occasion subject to all the faults 
known to the television engineer, but it was an inspiring story 
of international co-operation, not least in the overcoming of 
the problem of line conversion forced on us by our present 
inability to use a common standard. 

The history of Eurovision was unfolded with the aid of 
many interesting slides of the radio link and terminal equip- 
ment and including maps showing most graphically the 
complexity of the present network allowing mutual inter- 
change of programmes between countries as far apart as 
Sweden and Italy. We were assured that a link with North 
America will be established one day as the technical problems 
involved do not appear to be unduly difficult, but the unan- 
swered question of justifying the fabulous cost was a reminder 
that, even in Eurovision, economics may limit the use that can 
be made of the system for some time to come. 


Cosmovision ? 

The evening was made especially memorable by a demon- 
stration of Eurovision at the end of the Address in which we 
saw and heard Gen. Leschi (Director of Technical Services of 
Radiodiffusion-Télévision Frangaise) reading a message. As 
a former President of the Société des Radioélectriciens he 
extended a most cordial greeting to the engineers of our 
Institution, some of whom he was delighted to welcome in 
1958 in their Buttes Chaumont studios from one of which he 
was speaking. 
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After expressing his congratulations to our new Chairman 
and recalling the collaboration between the B.B.C., the 
British Post Office and the French P.T.T. and R.T.F. in 
setting up the link by which we were seeing him, he referred 
to the first intercontinental links which are the beginnings of 
‘Mundovision’ which will make it possible for the inhabitants 
of the world to get on better together. In wishing us ‘Good 
night’ he hinted at the prospects of ‘Cosmovision’ but it 
may be some years before one of Mr. Pulling’s successors 
reports on the developments in this wider sphere. G. M. 


Radio aspects of the International 
Geophysical Year 


‘oR his lecture at Savoy Place on the 25th November 1959 

Dr. R. L. Smith-Rose had a subject on which he is 
specially qualified to speak. He has participated in inter- 
national radio for many years at conferences such as those of 
the C.C.I.R. and U.R.S.I. The Radio Research Station of the 
D.S.I.R. at Slough of which he is the Director was established 
as one of the main centres for collecting data on the 
radio aspects of the I1.G.Y. Mr. M. J. L. Pulling was in 
the chair. 

After hearing of the history of the I.G.Y. as the successor 
of the First and Second International Polar Years we were 
told of the 14 million sheets of ionospheric records and results, 
together with atmospheric-noise and auroral data, that have 
been received at Slough. It is a sobering thought that it will 
take some years to analyse them and all the other records 
that have accumulated from over 4000 observatories all over 
the world. 

Meanwhile some of the data have been examined in great 
detail and a great deal of new and surprising information has 
been obtained about the structure of the ionosphere and 
movement in it in the Antarctic during a period of unprece- 
dentedly high solar activity. Much has been learnt that will 
greatly aid in the accurate forecasting of the best frequencies 
for radiocommunication. 
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Satellites 

Dr. Smith-Rose referred to the use of radio for telemetering 
purposes in rocket exploration and dwelt especially on the 
significance of the successful launching during the 1.G.Y. of 
artificial earth satellites in the study not only of the ionosphere 
itself but also of the region of the atmosphere above the 
ionosphere inaccessible to measurement by ionosonde 
equipment on the ground. In this field the United Kingdom 
is well to the fore with the use of Doppler techniques and 
pulse radar for the tracking of the satellites. 

On the human side of the I.G.Y. he showed some excelicent 
coloured slides of the station at Halley Bay taken by Mr. 
W. Belchambers who was in charge of the party responsible for 
the radio measurement and who was at the meeting and joined 
in the discussion. There was a particularly pleasing shot of 
some of the local inhabitants (penguins). 

During the discussion the lecturer pointed out that the 
subject of the I.G.Y. was so large that even in reviewing the 
radio aspects he could not include them all, which was why 
for instance he had made no reference to ‘whistlers’ on which 
much important work had been done. He stressed the great 
international co-operation there had been in organizing the 
1.G.Y., for example in the declaration of special World 
Intervals by a warning system involving a world-wide network 
of radio and line communication, which has resulted in the 
establishment of closer bonds between scientists in all countries 
and the fostering of better international relationship and 
human understanding. G. M. 


The specialized Groups 


eb Section Committee were very pleased to learn that 
the Council had agreed to the formation of two new 
Electronics and Measurement Groups—the Scottish Elec- 
tronics and Measurement Group and the East Midland 
Electronics and Measurement Group. These are the fifth 
and sixth specialist Groups concerned with the Electronics 
and Communications Section to be formed. The others are 
the Cambridge Group and those of the North-Eastern, 
North-Western and South Midland Centres. The Cambridge 


MEASUREMENT AND CONTROL 


Digital-computer stores 


rR. W. Renwick opened a discussion on future trends in 
memory stores for high-speed digital computers at 
Savoy Place on the 27th October 1959. 

High-speed stores are required for remembering information 
which must be accessible at high speed. Since they are expen- 
sive however most computers contain a small high-speed 
store and a larger slow-access store of cheaper design. 

The increasing size of computers makes higher speeds 
necessary for the high-speed stores, say 0-Smicrosec access 
time in place of the present 5microsec available from ferrite- 
core matrices. All the most promising storage systems in use 
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Group has now extended its activities to include Measurement 
and Control. 


Section programme for the second half of 
the session 


The programme of London meetings for the second half of 
the session has been settled and the same pattern has beep 
adopted as for the 1958-59 Session and the first half of the 
present session. This means that the Wednesday-evening 
meetings will be devoted to lectures on topics of current 
general interest presented by experts in such a way as to 
appeal to a wide cross-section of the membership. 

On the 24th February 1960 Prof. A. L. Cullen will lecture 
on ‘Applications of microwaves’. On the 23rd March we have 
a lecture on ‘The challenge of the propagation medium to the 


radio engineer’ by our last year’s Chairman Mr. G. Millington, | 


On the 27th April a paper by two French engineers, MM, 
R. Chaste and P. Cassagne, entitled ‘The Henri de France 
colour-television system’ will be presented, and on the 
25th May Dr. A. F. Gibson and Mr. G. King will opena 
discussion on ‘New semiconductor devices and their possible 
applications’. 

The Monday-evening meetings will be devoted to discussions 





or to the reading of papers on more specialized topics. The | 


first of these is on the 18th February 1960 when Mr. 


Millington will open a discussion on ‘Present views on ground | 
wave propagation’. This will be followed on the 7th March | 


by a paper by Dr. P. N. Butcher, who was awarded the 1958 
Kelvin Premium, on ‘An introduction to the theory of masers 
with particular reference to the travelling-wave maser’. On 
the 4th April Mr. R. V. Harvey will introduce his paper 
‘V.H.F. sound broadcasting: a subjective appraisal of distor- 


tion due to multi-path propagation in f.m. reception’. On the | 


2nd May Messrs. F. Axon and O. H. Barron will read their 


paper entitled ‘Planning and installation of the sound | 


broadcasting headquarters of the B.B.C.’s Overseas and 
European Services’. 

It is also of interest to note that a lecture by Dr. A, M. 
Spooner on ‘Technical features of a new television studio at 


Wembley’ will be delivered at the Ordinary Meeting which 
will follow the Annual General Meeting on the 19th May 1960. | 


M. J. L. PULLING 


or projected employ magnetic phenomena, and the ferro- 


electric and electrostatic systems have been discarded. The | 


newer systems employ new ferrite materials with fast switching | 


times built into structures with special geometry sometimes 
of magnetic-film construction. 

At temperatures near to absolute zero the phenomenon of 
superconductivity is such that if a current is set up in a closed 
circuit it will continue indefinitely. This can be done in storage 


systems and the direction of the current can be used to define 


the sign. A low-temperature switching element is really 
required to develop this idea fully and the cryotron has been 
suggested for this use. The low-temperature conditions 
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are obtained by installing the stores in liquid-helium 
cryostats. 

Present slow-access large-capacity stores employ magnetic 
drums or for larger stores magnetic tapes. Future requirements 
may be met by core matrices or ferrite plates. 


Commercial secrecy 

Dr. Edwards put forward the idea that a computer pro- 
grammer would really like a one-level store system only but 
this was not at present possible at reasonable cost. However 
by using automatic transfer of sections of information between 
the different stores the impression of a one-level store could 
be created. He noted that magnetic films, either flat or 
cylindrical, were being developed and thought that the 
cylindrical system was more likely to succeed since the toroids 
can be made smaller, therefore using smaller driving currents, 
and can be packed more closely. 

Mr. E. H. Roderick in giving some details on the use of 
superconductor techniques stated that the speed of switching 
is limited by the heat generated in the switching. In modern 
schemes an access time of 10millimicrosec can be easily 
achieved. Mr. G. Buller thought that germanium junction 
diodes might be used at liquid-helium temperatures for 
switching. 

Mr. H. G. Mitchell gave support to the idea of using store- 
transfer systems. He thought that the attractive feature of this 
system was that subroutines can be carried to transfer parti- 
cular sections of the low-speed store to the high-speed store 
preparatory to a particular programme. Mr. M. Williams 
talked about the use of electron mirror microscopes for high- 
speed stores and stated that while it was easy to write in 
information no explanation is yet available on how reading 
off can be done or how the point being read can be easily 
identified. 

Summing up the discussion Mr. Renwick expressed the 
thought that commercial secrecy in this field might be hiding 


. much new development work but that the lines of probable 


development were fairly clear. R. BD. T. 


Analogue electronic multiplier 


: MEETING Of the Section at Savoy Place on the 3rd 
ovember 1959 Mr. P. Gleghorn presented his paper 
‘An analogue electronic multiplier using transistors as square- 
wave modulators’. He described the design for four-quadrant 
operation giving an accuracy to +2% with particular atten- 
tion to simplicity and low cost within a small compass. It is an 
interesting combination of thermionic valves and transistors 
which achieves stable results largely through the principle of 
simple circuits with modest linearity enclosed by a feedback 
loop. The paper is reviewed on p. 31. 

The discussion was rather short, indicating, perhaps, little 
disagreement between the experts undoubtedly present in the 
somewhat small audience. Mr. G. Herring commended the 
author for his realistic approach but made a few suggestions 
as to other possible methods. Mr. H. Faulkner queried the 
thermal stability and the effect of power-supply fluctuations 
and asked if the operation of diodes could be carried out also. 
Maj. W. V. G. Fuge asked for details of attenuators. 
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After Mr. Gleghorn’s reply the chairman, Mr. C. G. Garton, 
proposed a vote of thanks which was carried with acclamation. 
S. N. P. 


One in ten thousand million 


N the absence of the Chairman, laid low by influenza, Mr. 

C. G. Garton presided at Savoy Place on the Ist December 
1959 over the joint meeting with the Electronics and Com- 
munications Section at which Dr. L. Essen, Mr. J. V. L. Parry 
and Mr. J. McA. Steele described their use of the N.P.L. 
caesium standard to check the performance of quartz oscil- 
lators and the regularity of the earth’s rotation. A review of 
their paper appears on p. 22. 

Dr. Essen’s introduction was clarity itself on a subject where 
this could not have been easy to attain. He distinguished the 
measurement of frequency, which can now depend on 
laboratory observations alone, from the measurement of the 
time of day, for which the help of astronomers will always be 
needed. Some link between the atomic and astronomical 
standards has to be found. The standard frequencies trans- 
mitted by the Post Office with the collaboration of the N.P.L. 
and Greenwich Observatory are frequencies in terms of the 
atomic standard, although their time signals are transmitted 
at times specified by means of astronomical data. 

These radio signals permit calibration of quartz clocks 
remote from the N.P.L., and data are available from the 
Post Office, Greenwich Observatory, and the U.S. Naval 
Observatory at Washington. The caesium standard is believed 
to be constant to within 1 part in 10'°. The best quartz clocks 
are reliable to within 1 or 2 parts in 10°; the earth’s rotation 
slowed by 1 part in 108 between 1955 and 1958 and the 
astronomical standard can be determined to’l part in 10° 
only by making corrections for seasonal variations and by 
averaging over long periods. 


All out of step except... 

It was clear from the data in the paper that after October 
1957 all the standards had gone out of step except Dr. Essen’s 
caesium. Mr. R. L. Corke and Mr. S. G. Clifford both 
commented on this and Miss C. J. A. Penny (of Greenwich 
Observatory) said that the slowing-down of the earth’s 
rotation changed its rate at that date. Mr. F. C. Widdis tact- 
fully suggested that an earthquake might have caused all these 
simultaneous changes. No one, except Mr. Garton, said that 
the caesium standard might perhaps have changed. Neither 
Dr. Essen nor Mr. Steele, who pointed out that something 
similar had occurred in late 1955, had any doubts about which 
standards were right. 

Mr. Corke, the guardian of the Post Office quartz clocks, 
also emphasized two matters which Dr. Essen had treated only 
briefly. One was the advantage of electrical standards in making 
a result immediately available, whereas astronomical standards 
require averaging over long periods of time and can only be 
corrected retrospectively; the other was that the caesium stan- 
dard is not yet a clock since it does not provide an integrating 
device to count the passage of time and that for this reason 
quartz clocks will still be needed for many years. 

The existence of the astronomical as well as the atomic 
standard is inconvenient because it involves occasional 
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Bulletin of the Sections (continued) 

adjustments to the driving circuits of the quartz crystals and 
every such alteration disturbs the frequency and the regularity 
of the change of frequency with time. His colleague Mr. 
Clifford gave some details of a quartz resonator which per- 
formed particularly well (except of course after October 
1957); it is at the bottom of a 60ft borehole where it needs no 
temperature control and it is used only once or twice a week. 
Your reporter does not see how to reconcile this with Mr. 
Corke’s desire to keep a crystal vibrating as constantly as 
possible. 


Adding a few noughts 

Mr. L. A. Thomas mentioned the need for convenient 
quartz oscillators with an accuracy to 1 part in 10°, more 
robust and portable than the delicately suspended Essen 
rings. Both he and Mr. W. H. P. Leslie wanted to know how 
Dr. Essen knew the frequency of the caesium standard so 


SUPPLY 


From hence to where 


dp pattern of the Address given by the incoming Chairman 
of a Section has no fixed parameters and Dr. J. R. 
Mortlock at Savoy Place on the 21st October 1959 ranged over 
philosophical fields and showed how the current state of 
progress can lead to yet wider vistas. The meeting was well 
attended and was graced by the President, Sir Willis Jackson, 
and numerous lady guests. A summary of the Address appears 
on p. 20. 

Dr. Mortlock began by indicating that the usual expected 
rate of growth of supply demand does not hold good uni- 
versally. He considered that those in greatest need will tend 
to solve their problems themselves unless the highly indus- 
trialized people continue to lead in technological advance. 

Outlining the present situation he touched on the part that 
nuclear fission plays and will continue to play in power genera- 
tion. In recent years from developments in semiconductors 
have sprung transistors, now a household word, and the 
possibility of high-power rectification, switching and relays. 

Modern knowledge of arc interruption has caused a 
realignment of views on overvoltage effects, and apart from 
the possibility of improving utilization of equipment a.c. 
transmission at 600kV now comes within reach. 

For many decades that will-o’-the wisp of engineers, high- 
voltage d.c. transmission, has received considerable attention 
and developments now in progress will undoubtedly lead to 
great expectations being fulfilled. 


Limitations of empiricism 

The ever-expanding extent of engineering knowledge and 
practice demands that participants possess fundamental 
knowledge not only in engineering but also in physics and 
mathematics. Dr. Mortlock, quoting from his own experience 
and the generally accepted methods of presentation, brought 
out the essential requirements and delineated the limitations 
which plain empiricism imposes. It was the natural step to 
introduce mention of computer techniques and their place in 
the analytical approach to the solution of system problems. 
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precisely; the disarming reply was that one measured it a 
well as one could in terms of astronomical time and then added 
a few noughts on the end. 

The paper had not been concerned with the caesium 
standard itself but comments during the discussion led to 
some explanations in the authors’ replies. Mr. Parry thoughtit 
easier to operate than a quartz standard; most of the possible 
disturbances are easily kept to within 1 part in 10'°. Both he 
and Dr. Essen emphasized the smallness of the divergence 
between the frequency actually observed and that characteris. 
tic of caesium atoms in ideal conditions. Because of this q 
group of caesium standards cannot differ among themselves 
by more than 2 parts in 10!°, 

Mr. M. J. L. Pulling moved a vote of thanks to the authors 
with which the audience were in sincere agreement; and Mr, 
Garton added his tribute to the team who could measure 
5000 years with an uncertainty of only Isec, a calculation 
which nobody (at the time) disputed. A. CL, 


While he realized that entrants into the supply field could 
not be fully aware of the possibilities he urged that methods 
employing synthesis should be encouraged together with 
some knowledge of computer techniques. By a series of 
examples he illustrated some of the present applications and 
also where further use of these devices could possibly occur. 

Conscious that the trend was for overspecialization to exist 
as a disproportionate facet of an engineer’s early activities, 
Dr. Mortlock stressed the need for the broad outlook. A 
fuller life should be possible and the engineer should be urged 
to develop his creative thinking and to leave the performance 
of repetitive detail to his machines. 

Dr. J. S. Forrest, Vice-Chairman, in proposing a vote of 
thanks spoke highly of the quality of the incoming Chairman’s 
professional work and his prolific contributions to the techni- 
cal literature. He suggested that the high standard of thought 
and the broad human survey provided in the Address made 
it well worthy of commendation. 


A double life 


The President spoke of the appreciation given him by the 
presentation of aspects within the Address, which came close 
to the views he held on the importance of the supply industry 
and the contributions of lecturers from that industry to the 
academic field. He cited Dr. Mortlock as an outstanding 
example of this desirable practice, although he realized that 
it meant a ‘double life’ for those able to assist. He also touched 
on recruitment problems and considered that with correct 
application they could be solved. 

Dr. Mortlock, having taken the chair vacated by Mr. D. P. 
Sayers, called on Prof. M. G. Say. Space does not allow the 
full text of the Professor’s most delightfully moved proposal of 
thanks to the Immediate Past-Chairman to be recorded, but 
he brought the full force of his humanistic views and witticism 
in referring to the excellent service Mr. Sayers had given 
while fully occupied by his vocational duties. He considered 
the candle had been burned at both ends but a lovely light 
had been created. In outlining the penalties of office he gave a 
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definition of freedom which highly amused those present and 
then went on to philosophize that happiness does not neces- 
sarily mean the experience, but remembering. 

Mr. D. B. Irving, seconding, mentioned briefly the evidence 
which undoubtedly was available of the worthiness Mr. 
Sayers possesses. ec. Ww, 


Dinner-Dance 

N application form for the Dinner-Dance, to be held on 
An 30th March 1960 at the Connaught Rooms, London, 
has been sent to each member of the Section. This event has 
proved highly popular and members would be well advised to 
make an early return of the form if they wish to avoid being 
placed on the waiting list. F.C. W. 


Problems of pumped storage 


MEETING of the Section under the Chairmanship of Dr. 

J. R. Mortlock was held at Savoy Place on the 11th 
November 1959, an audience of about 100 attending to hear 
apaper by Dr. J. H. Walker on ‘“Generator/motor problems 
in pumped-storage installations’ which is reviewed on p. 30. 
Dr. Walker reviewed the problems which could arise in 
hydroelectric plants of this type and emphasized the special 
features necessitated by their dual function. He dealt in some 
detail with the difficulties occurring where a single hydraulic 
unit performs the double function of turbine and pump. 
This usually demands two different operating speeds and con- 
sequently brings up change-pole problems in the electrical unit. 
The economics of this arrangement appears at the present 
time to be something of an unknown quantity and the author 
emphasized that further information on this was urgently 
needed. A survey of starting difficulties indicated clearly 


UTILIZATION 
Submersible pumping plant 
HE paper presented at the Section meeting on the 12th 
November 1959 at Savoy Place was by Messrs. H. H. 

Anderson and W. G. Crawford and was entitled ‘Submersible 
pumping plant’. It is reviewed on p. 33. The authors pointed 
out that the raising of water from below ground was one 
of man’s earliest problems. Although centrifugal pumps have 
been used for this purpose since about 1900, embodying the 
pump at the foot of the borehole being driven by a long shaft 
from the motor at the surface, it is only during the last 20-30 
years that the provision of motors running wholly in water, 
so that they may be located close to the pumps, has found 
many applications. In fact these submersible units have now 
been developed to such an extent that they have captured a 
large part of the field previously held by the shaft-driven type. 

Such submersible motors naturally present special prob- 
lems of insulation, corrosion and thrust-bearing design. An 
important condition which also has to be guarded against is 
that arising from a power failure, as when this occurs the water 
column reverses, resulting in a reversal of rotation of the pump 
and a risk of overspeed. 

It was interesting to learn that there are many instances 
where these motors have been in service for 50000h without 
being lifted for examination or maintenance. 
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that there was no universally acceptable solution and that 
each installation must be considered individually in relation 
to its location in the transmission system and to the operational 
cycle contemplated. 

Special problems exist in the design of thrust bearings for 
machines with reversible rotation and Dr. Walker described 
various methods of dealing with these with particular reference 
to reduction in loss and in risk of wiping. Braking of sets may 
involve difficulties due to the relatively frequent starting and 
stopping and methods of resolving these were explained. 


Generating and pumping times 

Mr. C. L. C. Allan opened the discussion with a thoughtful 
contribution on the economics of the cost of energy received 
back from storage schemes. He went on to remark on the 
disparity of generating and pumping times, observing that 
this might have its effect on the station-plant arrangement. He 
showed some interesting starting arrangements designed to 
alleviate the problems outlined by Dr. Walker. Mr. J. H. 
Aylward made some observations on the characteristics and 
design of the electrical units. 

Mr. G. Lyon stressed that the base loading of nuclear 
power plants has today added importance to investigations of 
pumped-storage schemes. The high reactances necessary for 
current limitation could well lead to deficiency in starting 
torque. He suggested that 3% voltage drop is about the 
maximum that can be regarded as acceptable in modern 
conditions. 

Mr. J. Douglas remarked that care was required in making 
starting arrangements on account of the reactive power 
absorbed in transformers interposed between the supply and 
the motor. He therefore supported the idea of installing a 
special starting busbar. W.3¢: 


Running costs 

Mr. H. R. Lupton, opening the discussion, made reference 
to the difficulty he had experienced in getting low-lift sub- 
mersible pumps supplied in this country, which had necessi- 
tated his obtaining them from abroad. He said he would like 
to see air introduced into the motor from the surface in order 
to reduce the loss in efficiency. 

One speaker did not agree with the carrying capacity for 
bearings given in the paper and said that the company with 
which he was associated rated the bearings referred to 
at a considerably higher value. He stressed the advantages, 
on balance, of direct-on-line starting over the use of auto- 
transformers. 

The merits of various forms of plastics for use in insulation 
and bearings were referred to in another contribution, and it 
was particularly interesting to hear the experience of such a 
large user of pumping plant as the Metropolitan Water Board 
concerning the comparative prices and running costs of sub- 
mersible and spindle types of pump and their relative lives. 

The discussion was evidently stimulating to both authors, 
because in their respective replies to the various points 
raised there was a certain aspect where they took opposing 
views. R. H. R. 
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E. LEETE 


PROF. H. E. M. BARLOW, PH.D., B.SC.(ENG.) 
C. O. BOYSE, B.SC.(ENG.) 

PROF. M. W. HUMPHREY DAVIES, M.SC. 
SIR JOHN DEAN, B.SC. 

L. DRUCQUER 

J. M. FERGUSON, B.SC.(ENG.) 

D. C. FLACK, B.SC.(ENG.), PH.D. 

J. S. FORREST, D.SC., M.A. 

R. J. HALSEY, C.M.G., B.SC.(ENG.), F.C.G.I. 
J. B. HIGHAM, PH.D., B.SC. 

R. A. HORE, M.A., B.SC. 

F. C. MCLEAN, C.B.E., B.SC. 

B. L. METCALF, B.SC.(ENG.) 

J. R. MORTLOCK, PH.D., B.SC.(ENG.) 
H. G. NELSON, M.A. 

R. H. PHILLIPS, T.D. 

H. V. PUGH 

J. R. RYLANDS, M.SC., J.P. 

G. A. V. SOWTER, PH.D., B.SC.(ENG.) 
C. E. STRONG, O.B.E., B.A., B.A.I. 

D. H. TOMPSETT, B.SC.(ENG.) 


Chairmen and 
Past-Chairmen 
of Sections 


Chairmen and 
Past-Chairmen of 
Local Centres 


Electronics and Communications 
M. J. L. PULLING, C.B.E., M.A. 
*G. MILLINGTON, M.A., B.SC. 


Measurement and Control 
PROF. A. TUSTIN, M.SC. 
*J, K. WEBB, M.SC.(ENG.), B.SC.TECH, 


Supply 
J. R. MORTLOCK, PH.D., B.SC.(ENG.) 
*D. P. SAYERS, B.SC. 


Utilization 
T. E. HOUGHTON, M.ENG. 
*R. A. MARRYAT, B.SC.(ENG.) 


East Midland 
D. H. PARRY, B.SC. 
*D. E. LAMBERT, B.SC.(ENG.) 


Mersey and North Wales 
T. A. P. COLLEDGE, B.SC.(ENG.) 
*J, COLLINS 


North-Eastern 
H. WATSON-JONES, M.ENG. 
*A. T. CRAWFORD, B.SC. 


North Midland 
PROF. G. W. CARTER, M.A. 
*J, D. NICHOLSON, B.SC. 


North-Western 
F. J. HUTCHINSON, M.ENG. 
*PROF. F. C. WILLIAMS, O.B.E., D.SC., 
D.PHIL., F.R.S. 


Northern Ireland 
T. S. WYLIE 
*D. S. MCILHAGGER, PH.D., M.SC. 


Scottish 
J. A. AKED, M.B.E. 
*R. J. RENNIE, B.SC. 


South Midland 
G. F. PEIRSON 
*L. L. TOLLEY, B.SC.(ENG.) 


Southern 
W. D. MALLINSON, B.SC.(ENG.) 
*G. BISHOP, B.SC. 


Western 
H. JACKSON, B.SC.(ENG.) 
*R, W. STEEL 


* Past-Chairman 





SECRETARY 

Deputy Secretary 

Principal Assistant Secretary 
Assistant Secretary 

Chief Accountant 
Editor-in-Chief 

Editor, Journal 


Editor, Science Abstracts 


W. K. BRASHER, C.B.E., M.A., M.ILE.E. 
F. JERVIS SMITH, M.I.E.E. 

F. C. HARRIS 

N. C. STAMFORD, M.SC.TECH., M.LE.E. 
F, H. JOB, F.A.C.C.A., A.C.LS. 

G. E. WILLIAMS, B.SC.(ENG.), M.I.E.E. 
W. G. ASKEW, M.C. 

B. M. CROWTHER, M.A., PH.D. 


JOURNAL I.E.E. 
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EAST MIDLAND CENTRE 

Chairman: D. H. PARRY, B.SC. 

Hon. Secretary: H. T. Price, D.L.c., Brush Electrical Engineering Co. Ltd., Lough- 

borough 

Hon. Asst. Secretaries: J. BARNES, D.L.C., 13 Oakwell Drive, Ikeston, Derbyshire; 
W. L. PASSANT, Switchgear Specialist Engineer, Brush Electrical Engineering Co. 

a, Loughborough 


Cambridge Electronics and Communications Group 


Chairman: K. F. SANDER, M.A., PH.D., B.SC. 
Hon. Secretary: R. BaRRass, Plot ‘O’, Acton Way, Cambridge 


East Anglian Sub-Centre 
Chairman: D. H. MCCRACKEN, B.SC.TECH. 


Hon. Secretary: Capt. N. HILLER, B.SC.(ENG.), Cambridgeshire Technical College 
and School of Art, Collier Road, ‘Cambridge 


Hon. Asst. Secretary: J. H. HowarD, 28a Cavendish Avenue, Cambridge 


MERSEY AND NORTH WALES CENTRE 

Chairman: T. A. P. COLLEDGE, B.SC.(ENG.) 

Hon. Secretary: S. TOWILL, B.SC.(ENG.), Electricity House, Newgate Street, Chester 
Hon. Asst. Secretaries: D. Boyp, c/o English Electric Co. Ltd., Liverpool Works, 
East Lancashire Road, Liverpool; J. N. FLETCHER, B.SC., PH.D., Brookhirst 
Switchgear Ltd., Northgate Works, Chester 

NORTH-EASTERN CENTRE 

Chairman: H. WATSON-JONES, M.ENG. 

Hon. Secretary: R. Bruce, m.sc., C. A. Parsons and Co. Ltd., Heaton Works, 
Newcastle upon Tyne 6 

Asst. Secretary: R. W. SHIELD, 152 Edge Hill, Darras Hall, Ponteland, Newcastle 
upon Tyne 

North-Eastern Measurement and Electronics Group 

Chairman: C. C. BAXENDALE 


Hon. Secretary: R. Bruce, M.sc., C. A. Parsons and Co. Ltd., Heaton Works, 
Newcastle upon Tyne 6 


Hon. Asst. Secretary: W. B. DOTCHIN, B.sC., Rutherford College of Technology, 
Northumberland Road, Newcastle upon Tyne 1 

Tees-Side Sub-Centre 

Chairman: M. A. RAISBECK 

Hon. Secretary: D. W. PATTENDEN, 45 Stanhope Grove, Acklam, Middlesbrough 


NORTH MIDLAND CENTRE 
Chairman: Pror. G. W. CARTER, M.A. 


ny: H. A. Carr, c/o A. Reyrolle and Co. Ltd., 20 St. Paul’s Street, 


Hon, Asst. Secretary: J. N. B. GrirFirHs, 48 Cornwall Road, Harrogate, Yorks. 
North Midland Utilization Group 

Chairman: G. AUTON 

Hon, Secretary: E. R. W. | rece c/o George Ellison Ltd., Norwich Union 


* Building, City Square, Leeds 1 


Sheffield Sub-Centre 

Chairman: F. G. Tyack 

Hon, Secretary: J. Sykes, 5 Mercia Drive, Totley Rise, Sheffield 

Hon, Asst. + yy J. E. CALDWELL, B.SC.(ENG.), 5 Cockshutt Road, Beauchief, 
Sheffield; D. N. ROBERTS, B.ENG., 303 Fulwood Road, Sheffield 10 
NORTH-WESTERN CENTRE 

Chairman: F. J. HUTCHINSON, M.ENG. 

Hon. Secretary: H. DIGGLE, B.SC.TECH., Associated: Electrical Industries Ltd. 
Transformer Division, Wythenshawe, Manchester 23 

North-Western Measurement and Control Group 

Chairman: E. J. R. HARDY, B.SC.(ENG.) 

Hon, Secretary: R. W. FryEr, 2 Rossett Avenue, Timperley, Altrincham, Cheshire 


North-Western Electronics and Communications Group 
Chairman: S. D. MELLOR, B.ENG. 
Hon. Secretary: J. DALTON, 12 Cedar Avenue, Claypool Road, Horwich, Lancs. 


North-Western Supply Group 

Chairman: A. C, EHRENBERG 

wen retary: J. B. KitsHaw, System Planning and Design Engineer, North 
lectricity Board, No. 3 Sub-Area, Union Street, Oldham, Lancs, 

North-Western Utilization Group 

Chairman: W. E. G. ROBINSON, B.SC.(ENG. 

Hon. Secretary: W. F. JaRVvis, 8 Fairview Road, Timperley, Cheshire 

North Lancashire Sub-Centre 

Chairman: O. SeYMouR 

i, Secretary: F. Day, c/o North Western Electricity Board, 40/41 Lune Street, 


Hon, Asst. Secretary: A. BARTLETT, 99 Black Bull Lane, Fulwood, Preston 
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NORTHERN IRELAND CENTRE 

Chairman: T. S. Wy ie 

Hon. Secretary: R. L. Marrs, B.sc., “Chez Moi’, Mosside Road, Dunmurry, 
trim 


Hon. Asst. Secretary: W. H. Farmer, Room 49, Telephone House, 1 Cromac 
Street, Belfast 


SCOTTISH CENTRE 
Chairman: J. A. AKED, M.B.E. 


Hon. Secretary and Treasurer: J. H. P. DE ViLLIERS, A.H.-w.c., Bruce Peebles and 
Co. Ltd., 19 Waterloo Street, Glasgow C.2 


North Scotland Sub-Centre 
Chairman: A. J. O. CRUICKSHANK, B.SC.(ENG.), PH.D. 


Hon. Secretary and Treasurer: K. J. MCCONNELL, c/o Jute Industries Ltd., Engi- 
neering Dept., Tay Carpet Works, Lochee Road, ‘Dundee 


Hon. Asst. Secretary: J. C. EARLS, B.SC.(ENG.), c/o Electrical Engineering Dept., 
Robert Gordon’s Technical College, Aberdeen 


South-East Scotland Sub-Centre 
Chairman: D. M. THORNTON, B.SC. 
Hon. Secretary: G. 1. THOMAS, B.sc., Ferranti Ltd., Ferry Road, Edinburgh 5 


ion. As fat. sanaeama J. B. McPuerson, ‘Forth View’, Haddington Road, Tranent, 
t Lo 


South-West Scotland Sub-Centre 
Chairman: J. E. SAYERS, B.SC. 


Hon. Secretary and Treasurer: D. W. GreGory, c/o Johnson and Phillips Ltd., 
59 Berkeley Street, Glasgow C.3 


Hon. Asst. Secretary: D. R. ROLLO, B.sCc.(ENG.), 44 Woodhead Avenue, Kirkin- 
tilloch, Glasgow 


SOUTH MIDLAND CENTRE 

Chairman: G. F. PerRsON 

Hon. Secretary: E. H. Cox, Midlands Electricity Board, Mucklow Hill, Halesowen, 
Birmingham 

Hon. Asst. Secretary: J. C. Pyatt, c/o Central ay Generating Board, 
Nechellis ‘B’ Power Station, Nechelis, Birmingham 7 


South Midland Electronics and Measurement Group 

Chairman: K.. B. WILSON, B.SC.(ENG.) 

Hon. Secretary: E. S. JOHNSON, c/o Telephone Manager, 63 Hagley Road West, 
Birmingham 17 


South Midland Supply and Utilization Group 
Chairman: E. V. HARDAKER, B.SC. 
Hon. Secretary: H. C. Fox, George Ellison Ltd., Perry Barr, Birmingham 22B 


North Staffordshire Sub-Centre 
Chairman: A. ASBURY, B.SC. 
Hon. Secretary: P. W. R. Gatirr, B.Sc., English Electric Co. Ltd., Stafford 


Hon. Asst. Secretaries: A. P. Barnes, 51 Springfield Drive, Mosspitt, Stafford; 
(Stoke) P. Fincn, 14 Brookfield Avenue, Endon, Stoke on Trent; (Stone) C. E. 
Woo ..ey, K8 Raleigh Hall, Eccleshall, Staffs. 


Rugby Sub-Centre 
Chairman: W. J. GrBBs, D.SC. 
Hon. Secretary: J. RiCHMOND, M.B.E., B.ENG., 53 Vernon Avenue, Rugby 


Hen. Asst. Secretaries: R. W. Rosrnson, 51 Yates Avenue, Newbold Glebe, 
Rugby; A. J. GiLBert, B.A., c/o Plant Engineering Dept., Associated Electrical 
Industries Ltd., Heavy Plant Division, Rugby. 


SOUTHERN CENTRE 

Chairman: W. D. MALLINSON, B.SC.(ENG.) 

Hon. Secretary: H. W. Houstey, 15 Southdown Road, East Cosham, Portsmouth, 
Hants. 


Hon. Asst. Secretaries: A. C. TREMAIN, B.SC.(ENG.), Municipal College, Ports- 
mouth, Hants.; C. G. BRAMMER, 48 Brecon Avenue, East Cosham, Hants. 


WESTERN CENTRE 
Chairman: H. JACKSON, B.SC.(ENG.) 
Hon. Secretary: D. STEPHENS, 7 Clovelly Crescent, Llanrumney, Cardiff 


Hon. Asst. Secretaries: (Bristol) W. D. MorGan, ‘Green Lea’, im Backwell, 
nr. Bristol: (Cardiff) W. REAL, 14 Manor Rise, Whitchurch, Cardiff 


Western Supply Group 

Chairman: N. CARE 

Hon. Secretary: A. A. BECKINGSALE, Central Electricity House, Colston Avenue, 
Bristol 1 


Western Utilization Group 

Chairman: P. SMITH, B.SC. 

Hon. Secretary: W. S. Evans, British Transport Commission, South Wales Docks, 
Roath Dock, Cardiff 

Hon. Asst. Secretary: A. R. S. GouGu, ‘G es’, Hemp 
bury, Bristol 


Lane, Almonds- 
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Local Centre Officers (continued) 


South-Western Sub-Centre 

Chairman: A. G. R. BELL 

Hon. Secretary: E. J. H. MARSHALL, c/o South Western Electricity Board, 136 
High Street, Crediton, Devon 

Hon. Asst. Secretary: Lt.-Cmpr. A. O. H. AsHTHORPE, 151 Fort Austin Avenue, 
Crownhill, Plymouth 


West Wales (Swansea) Sub-Centre 

Chairman: J. HARLEY 

Hon. Secretary: C. Evans, 38 Old Road, Llanelly, Carmarthenshire 

Hon. Asst. Secretary: D. H. HuGues, 5 Hillside, Furnace, Llanelly, Carmarthen- 
shire 


Oversea Branches 


BOMBAY BRANCH 

Chairman: J. C. PATEL, B.SC. 

Hon. Secretary: T. M. SHivRaM, Services Engineer (North), B.E.S. and T. Under- 
taking, Electric House, Post Fort, Bombay | 


CALCUTTA BRANCH 

Chairman: H. C. HARDY 

Hon. Secretary: L. W. Brazet, Calcutta Electric Supply Corporation Ltd., 
Victoria House, Calcutta 


CEYLON BRANCH 

Chairman: Pror. R. H. PAUL, M.A., B.SC. 

Hon. Secretary: M. I. Aziez, B.sc., Electrical Engineer, Operations and Mainten- 
ance, Dept. of Government Electrical Undertakings, P.O. Box 540, McCallum 
Road, Colombo 10 


IRISH BRANCH 

Chairman: T. P. HOGAN, B.E. 

Hon. Secretary: J. MCKEEVER, B.SC.(ENG.), General Electric Co. Ltd., Magnet 
House, Adelaide Road, Dublin 

Hon. Asst. Secretary: C. A. MCLOUGHLIN, B.sc., c/o Electricity Supply Board, 
21 Lower Fitzwilliam Street, Dublin 


Oversea Committees 


AUSTRALIA 

New South Wales 

Chairman: H. B. Woop, B.SC., M.E. 

Hon. Secretary: D. K. Murr, 1.E.E. Box 701, G.P.O., Sydney 


Queensland 
Chairman: A. S. FAULKNER 
Hon. Secretary: W. 1. GeorGe, B.£., 124 Seventh Avenue, St. Lucia, Brisbane 


South Australia 
Chairman: Pror. E. O. WILLOUGHBY, M.A., B.E.E. 
Hon. Secretary: E. E. Story, 25 Balham Avenue, Kingswood, Adelaide 


Victoria and Tasmania 
Charman: J. WILSON 
Hon. Secretary: D. P. Davies, m.sc., Pen Bryn, Mt. Macedon, Victoria 


Western Australia 
Chairman: K. W. TAPLIN, B.E. 
Hon. Secretary and Treasurer: R. R. Lake, B.£., c/o 132 Murray Street, Perth 


CANADA 
Toronto 
Chairman: THe OveRSEA REPRESENTATIVE OF THE COUNCIL 


INDIA 

Madras 

Chairman: R. WRIGHT, M.B.E. 

Hon. Secretary: N. C. S. Kumar, B.sc., c/o Associated Electrical Industries 
(India) Ltd., 35/5 Mount Road (First Floor), P.O. Box 2710, Madras 2 
MALAYA AND SINGAPORE 

Chairman: THE OVERSEA REPRFSENTATIVE OF THE COUNCIL 


NEW ZEALAND 
Chairman: F. T. M. KISsSEL, 1.S.0., B.SC. 
Hon. Secretary: G. R. MILNE, B.sc., P.O. Box 749, Wellington C.1 


SOUTH AFRICA 
Transvaal and Orange Free State 
Chairman: THE Oversea REFRESENTATIVE OF THE COUNCIL 
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Oversea Representatives of the Coungjj 


ARGENTINA 
B. G. BOoRIssow, B.SC.(ENG.), c/o Metropolitan-Vickers Export Co. Ltd., Avda. 
Roque Saenz Pena 636, 7° Piso, Buenos Aires 


BRAZIL 
E. WINSTANLEY, B.SC.(ENG.), Rio de Janeiro Flour Mills and Granaries Ltd 
Caixa Postal 486, Rio de Janeiro d 


BURMA 
C. H. MELLor, c/o Rangoon Electric Supply Board, 503/9 Merchant Stree 
Rangoon ; 


CANADA 
J. M. THOMSON, M.A.SC., PH.D., Ferranti-Packard Electric Ltd., Industry Street, 
Toronto 15, Ontario 


(Alberta) Pror. J. A. HARLE, M.sc., Head of Department of Electrical Engineering, 
University of Alberta, Edmonton; (Ontario) F. S. BARTON, C.B.E., M.A., B.SC., 16 
Roxborough Apartments, Laurier Avenue W., Ottawa; (Quebec) F. L. Lawton, 
B.A.SC., C/o Aluminium Laboratories Ltd., 1800 Sun Life Building, Montreal 


CAPE PROVINCE 
C. G. Downie, B.sc., c/o City Electricity Dept., P.O. Box 82, Cape Town 


CEYLON 
Appointment pending 


EAST AFRICA 

A. O. CosGrove, B.sc., General Electric Co. Ltd., P.O. Box 5100, Nairobi 
Deputy Representatives: (Uganda) J. M. STOCK, 0.B.£., M-ENG., Uganda Electricity 
Board, Kampala; (Tanganyika) J. H. GrirriTHs, c/o Public Works Dept. 
Headquarters, Dar es Salaam, Tanganyika 

FAR EAST 

D. S. Hitt, Reiss, Bradley and Co. Ltd., National City Bank of New York 
Building, 2 Queen’s Road C, Hong Kong 


FRANCE 

P. M. J. AILLERET, Electricité de France, 12 Place des Etats-Unis, Paris (16€) 
Deputy Representative: R. A. TeLLieR, ING.£.S.£., c/o Electricité de France, 
12 Place des Etats-Unis, Paris (16¢) 


INDIA 

F. om, Magnet House, Chittaranjan Avenue, P.O. Box 8974, Cal 
cutta 

Deputy Representatives: L. W. Braze., Calcutta Electric Supply Corporation 
Ltd., Victoria House, Calcutta 

(Bombay) J. H. Smyrue, B.sc., Greaves, Cotton and Crompton Parkinson Lid, 
1 Forbes Street; (Delhi) SHiv NARAYAN, SC.D., M.SC., B.E., M.A., B.SC., 2547 Nai 
Wara, 6: (Madras) J. MEEK, B.SC.(ENG.), c/o General Electric Co. (India) Lid, 
Magnet House, Mount Road, P.O. Box 351 


ISRAEL 
B. F. Moss, 94 Hayarkon Street, Tel Aviv 


MALAYA AND SINGAPORE , 
W. TRAFFORD, M.B.E., Telecommunications Dept. (Special Services), Fullertos 
Building, Singapore | 

Deputy Representative: F. R. WARDROP, B.SC.(ENG.), Central Electricity Board, 
P.O. Box 1003, Kuala Lumpur 


NATAL 
R. M. O. Simpson, c/o Electricity Dept., P-O. Box 147, Durban 


NEAR AND MIDDLE EAST 


H. D. Furser, c/o Iraq Petroleum Co. Ltd., Electrical Engineering Dept., P.O. 
Box 150, Tripoli, Lebanon 

Deputy Representatives: (Near East) PROF. R. W. SLOANE, M.A., PH.D., B.SC, 
Director of the Engineering Experimental and Service Laboratories, American 
University of Beirut, Beirut, Lebanon; (Middle East) H. W. S. MARSHALL, P.O. 
Box 61, Baghdad, Iraq 


NEW SOUTH WALES 
J. T. Ro.to, I.E.E. Box 701, G.P.O., Sydney (telephone Sydney B0323, ext. 313) 


NEW ZEALAND 
G. R. MILNE, B.Sc., P.O. Box 749, Welliegton C.1 


PAKISTAN 
A. E. C. Gipson, c/o Associated Electrical Industries (Pakistan) Ltd., Post Box 
4958, Karachi 


QUEENSLAND 
J. S. Just, c/o Box 1067N, G.P.O., Brisbane 


RHODESIA 
A. B. CowEN, 0.B.£., P.O. Box 377, Salisbury 


SOUTH AUSTRALIA 
G. H. Macuin, B.£., c/o Electricity Trust of South Australia, Box 412c, G.P.0., 
Adelaide 


SWITZERLAND 
L. W. Hayes, 0.B.£., 43 Quai Wilson, Geneva 


JOURNAL I.E.E. 
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Oversea Representatives of the Council (continued) 


TRANSVAAL AND ORANGE FREE STATE 
A. W. LINEKER, B.SC., P.O. Box 7794, Johannesburg 


UNITED STATES OF AMERICA 

Hon. Secretary: R. H. Barcray, J. G. White Engineering Corporation, 80 Broad 
Street, New York 4, N.Y. 

VICTORIA AND TASMANIA 

Pror. C. E. MOORHOUSE, M.£.B., Department of Electrical Engineering, University 
of Melbourne, Carlton N.3, Victoria 

Deputy Representative for Tasmania: H. P. TUCK, M.E., B.SC., Associate Professor, 
University of Tasmania, Hobart, Tasmania 


WEST AFRICA 

J, Houston ANGuS, Private Mail Bag 2031, Lagos, Nigeria 

WEST INDIES 

H. D. WALDEN, B.SC., Texaco Trinidad Inc., 6 Bon Accord Road, Point-a-Pierre, 
Trinidad 

WESTERN AUSTRALIA 


J. B. Jukes, B.E., State Electricity Commission of Western Australia, Electricity 
House, 321 Murray Street, Perth 


Joint Groups 


ARGENTINA 

Chairman: T. B. GLOVER, M.I.MECH.B. 

Hon. Secretary and Treasurer: J. COMBES, A.M.1.C.B., c/o Percy Grant and Co., 
Calle Defensa 465, Buenos Aires 

BRITISH GUIANA 

Chairman: G. A. R. FARQUHARSON, M.1.C.E. 

Hon. Secretary: D. S. FAIRBAIRN, A.M.1.C.E., Drainage and Irrigation Department, 
P.O. Box 26, Georgetown 

GHANA 

Chairman: T. C. M. WIGG, O.B.E., M.A., A.M.1.C.B. 

Hon. Secretary: C. D. WILKINSON, A.M.1.£.£., Telecommunications Engineering 
School, Accra 

GIBRALTAR 

Chairman: E. V. ANDLAW, M.B.B., M.I.MECH.E., M.1.E.E. 

Hon. Secretary: MAJ. D. S. EVANS, A.M.1.MECH.E., R.E.M.E., 51 Europa Road 


HONG KONG 

Chairman: G. B. GirroRD-HULL, M.1.C.E. 

Hon. Secretary and Treasurer: L. F. ROBERTS, B.SC., M.1.8.£., c/o British General 
Electric Co. Ltd., Queen’s Buildings, Chater Road 

MIDDLE EAST 

Chairman: C. G. Moore, M.SC., A.M.I.C.E. 

Hon, Secretary: D. W. PLATT, B.SC.(ENG.), A.M.I.MECH.E., A.M.LE.E., c/o Kuwait 
Oil Co. Ltd., Ahmadi, Kuwait, Arabia 

SINGAPORE/MALAYA 

Chairman: S. E. JEwKES, O.B.E., M.1.C.E. 

Hon, Secretary: T. CHURCHILL, A.M.I.MECH.E., Shell Co. of Singapore Ltd., P.O. 


, Box 730, Shell House, Collyer Quay, Singapore 


TRINIDAD AND TOBAGO 

Chairman: W. T. BoD, M.1.MECH.B. 

Hon. Secretary: D. P. J. HOLBROOK, B.SC.(ENG.), A.M.1.E.E., c/o Trinidad Oilfield 
Service Ltd., P.O. Box 69, San Fernando, Trinidad 

WEST AFRICA 

Chairman: A. G. BAKER, A.M.LE.E. 

—”: J. MEADE, A.M.1.E.£., Headquarters, Posts and Telegraphs, Lagos, 


Graduate and Student Section 
Officers 


BRISTOL 
Chairman: A. R. DANIELS 
moierreeary: A. R. W. Broapway, B.sc., 14 Alexandra Park, Redland, 


CARDIFF 

Chairman: J. K. PHELPS 

Hon. er: M. J. HuGues, Ryecroft, Greenhill Road, Griffithstown, Ponty- 
EAST MIDLAND 

Chairman: A. WREN, D.F.H. 

aeerrenery: D. G. WALTERS, 8.SC.(ENG.), The Grange, Thorpe Acre, Lough- 


IRISH BRANCH 
Chairman: D. J. HOGAN 
Hon, Secretary: A. J, Durry, 32 Upper Baggot Street, Dublin 
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LONDON 
Chairman: L. A. HARRIS, B.SC.(ENG.) 
Hon. Secretary: F. P. Hanwoop, 179 Sutherland Avenue, London W.9 


MERSEY AND NORTH WALES 

Chairman: E. G. Forrest 

Hon. Secretary: D. G. Rostnson, c/o Electrical Dept., Alfred Holt and Co., India 
Buildings, Liverpool 2 

NORTH-EASTERN 

Chairman: W. D. Coutts 

Hon. Secretary: R. Hawtey, B.sc., c/o Electrical Engineering Dept., King’s 
College, Newcastle upon Tyne 1 

NORTH MIDLAND 

Chairman: G. W. GREEN 

Hon. Secretary: D. B. WARDMAN, 6 Sunny Bank Grove, Bracken Edge, Leeds 8 


NORTH SCOTLAND 
Chairman: A. W. OGILvy 


Hon. Secretary: P. M. Witt, B.sc., c/o Electrical Engineering Dept., Robert 
Gordon’s Technical College, Aberdeen 


NORTH STAFFORDSHIRE 

Chairman: T. E. S. RICKARD, B.SC. 

Hon. Secretary: D. J. AyLott, M.A., Transformer Works, English Electric Co. 
Ltd., Stafford 

NORTH-WESTERN 

Chairman: G. B. PopPLe 

Hon. Secretary: 1. W. WRiGHT, B.SC., 77 Broadway, Worsley, Manchester 


NORTHERN IRELAND 
Chairman: A. A. MARSHALL 
Hon. Secretary: J. B. HARSON, B.SC., 10 Chichester Road, Belfast 


RUGBY 
Chairman: P. J. G. HETZEL, M.SC. 


Hon. Secretary: D. C. MACDONALD, B.SC.(ENG.), c/o Plant Engineering Dept., 
A.E.I. Heavy Plant Division, Rugby 


SHEFFIELD 

Chairman: B. G. CRYER 

Hon. Secretary: M. F. BRACEY, B.ENG., Electrical Engineering Dept., The Uni- 
versity, Mappin Street, Sheffield 1 


SOUTH-EAST SCOTLAND 

Chairman: G. E. WOOLLEY, B.SC. 

Hon. Secretary: G. J. H. BROOKING, A.R.C.S.T., c/o Bruce Peebles and Co. Ltd., 
37 Inverleith Place, Edinburgh 3 


SOUTH MIDLAND 

Chairman: J. M. HARVEY, B.SC.(ENG.) 

Hon. Secretary: G. A. Ra.ey, 113 Castleton Road, Beeches Estate, Great Barr, 
Birmingham 22A 

SOUTH-WEST SCOTLAND 

Chairman: C. G. GORDON, B.SC. 

Hon. Secretary: W. J. HALL, c/o English Electric Co. Ltd., 200 St. Vincent Street, 
Glasgow C.2 


SOUTHERN 


Chairman: H. K. MADDAMS, B.SC. 
Hon. Secretary: R. F. Warrwortn, 23 Alton Grove, Portchester, Fareham, Hants. 


TEES-SIDE 
Chairman: L. M. ARROWSMITH, B.SC. 
Hon. Secretary: K. S. MiLtinGTon, 14 Derwent Road, Redcar, Yorks. 





Local Honorary Treasurers of the 
Benevolent Fund 


East Midland Centre H. J. McLean 
Irish Branch A. Harkin, M.E. 
Mersey and North Wales Centre D. A. Picken 


J. F. Skipsey, B.Sc. 
E. C. Walton, Ph.D., B.Eng. 


North-Eastern Centre 
North Midland Centre 


Sheffield Sub-Centre F. Seddon 
North-Western Centre E. G. Taylor, B.Sc.(Eng.) 
North Lancashire Sub-Centre H. Charnley 


G. H. Moir, J.P. 
R. H. Dean, B.Sc.Tech. 


Northern Ireland Centre 
Scottish Centre 


North Scotland Sub-Centre P. Philip 

South Midland Centre H. M. Fricke 
Rugby Sub-Centre P. G. Ross, B.Sc. 
Southern Centre G. D. Arden 
Western Centre (Bristol) A. H. McQueen 
Western Centre (Cardiff) E. W. S. Watt 
West Wales (Swansea) Sub-Centre O. J. ifayo 


South-Western Sub-Centre W. E. Johnson 
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Representatives of The Institution on other bodies 


The following is a list of representatives of The Institution on other bodies with the dates on which they were appointed 


Association of Supervising Electrical Engineers 
EDUCATION AND TRAINING COMMITTEE 
B. L. Metcalf, B.sc.(ENG.) (8.10.53) 


Battersea College of Technology 
ADVISORY COMMITTEE FOR ELECTRICAL ENGINEERING 
F. J. Lane, 0.B.E., M.Sc. (26.6.58) 


Birmingham College of Advanced Technology 
ADVISORY COMMITTEE FOR ENGINEERING 
G. F. Peirson (26.6.58) 


Blackburn Technical College 
ENGINEERING ADVISORY COMMITTEE 
H. Shackleton, M.sc. (6.12.56) 


Bolton Technical College 
ENGINEERING TRADES ADVISORY SUB-COMMITTEE 
H. Diggle, B.sc.TECH. (12.9.57) 


Bootle Municipal Technical College 
GOVERNING BODY 
J. Collins (17.5.56) 


Bournemouth Municipal College of Technology and 


Commerce 
ADVISORY COMMITTEE FOR ELECTRICAL ENGINEERING 
W. M. Read (3.12.59) 


Bradford Institute of Technology 
GOVERNING BODY 
A. J. Coveney (27.6.57) 
ADVISORY COMMITTEE ON ELECTRICAL ENGINEERING 
A. J. Coveney (17.9.59) 


Brighton Technical College 
ENGINEERING ADVISORY COMMITTEE 
W. E. Gibbs (3.11.55) 


Bristol College of Technology 
BOARD OF GOVERNORS 
Sir Hamish D. MacLaren, K.B.E., C.B., D.F.C., LL.D., B.SC. (26.6.58) 


Bristol University 
COURT OF THE UNIVERSITY 
A. N. Irens (6.11.58) 
ENGINEERING ADVISORY COMMITTEE 
A. G. Milne (25.6.59) 


British Association for Commercial and Industrial 


Education 
The Chairman of the Education and Training Committee (26.4.56) 
The Secretary of The Institution (26.4.56) 


British Conference on Automation and Computation 
GROUP A (ENGINEERING APPLICATIONS) 
J. F. Coales, 0.B.£., M.A. (7.11.57) 
R. C. G. Williams, PH.D., B.sc.(ENG.) (7.11.57) 
GROUP B (BRITISH GROUP FOR COMPUTATION AND AUTOMATIC CONTROL) 
W. Bamford. B.sc. (12.9.57) 
J. H. H. Merriman, m.sc. (3.12.59) 


British Council 
ENGINEERING ADVISORY PANEL 

The Secretary of The Institution (or his deputy) (2.12.48) 
SCIENCE ADVISORY COMMITTEE 

Sir Harold Bishop, c.B.£., B.SC.(ENG.) (6.2.58) 


British Electrical and Allied Industries Research 
Association 
COUNCIL 
Prof. J. Greig, M.sc., PH.D. (7.12.50) 
A. W. Montgomery, 0.B.E£., B.SC.TECH. (6.3.52) 
SECTIONAL COMMITTEE ON UNCLASSIFIED RESEARCHES 
Sir Harry Railing, D.ENG. (8.1.31) 
SUB-COMMITTEE ON EARTHING AND EARTH PLATES 
Appointment pending 
SUB-COMMITTEE ON RADIO INTERFERENCE 
F. Jervis Smith (19.10.45); W. J. Bray, m.sc. (11.9.58) 


British Electrical Development Association 
SUB-COMMITTEE ON THE INSTALLATION OF STORAGE BLOCK HEATERS 
R. A. Marryat, B.sc.(ENG.) (10.1.57) 


British Electrical Power Convention 
COUNCIL 

B. L. Metcalf, B.sc.(ENG.) (6.3.58) 

(Deputy, the Secretary of The Institution—5.2.53) 
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British National Committee for Non-Destructive Testing 
C. G. Garton (9.1.58) 


British National Committee on Documentation 
The Secretary of The Institution (or his deputy) (1.4.48) 
B. M. Crowther, M.A., PH.D. (1.4.48) 


British Nuclear Energy Conference 
BOARD 
Sir Josiah Eccles, c.B.£., D.sc. (31.3.55) 
Sir Willis Jackson, D.sc., F.R.S. (31.3.55) 


British Standards Institution 
ENGINEERING DIVISIONAL COUNCIL (E/—) 
Sir Josiah Eccles, c.B.£., D.sc. (3.3.55); Sir Archibald J. Gill, 
B.SC.(ENG.) (2.4.59); Sir John Hacking (7.3.57) 
PROPOSED COMMITTEE ON INPUT AND OUTPUT STANDARDS FOR DATi 
PROCESSING EQUIPMENT 
R. H. Tizard, B.A. (6.11.58) 


ELECTRICAL INDUSTRY STANDARDS COMMITTEE (ELE/—) 
The President of The Institution (ex officio) (7.3.46) 
W. K. Brasher, C.B.E., M.A. (27.6.40) 
P. Dunsheath, C.B.£., M.A., D.SC.(ENG.) (9.5.46) 
Sir Vincent Z. de Ferranti, M.c. (3.2.49); Sir John Hacking (7.12.50) 
G. O. Watson (22.6.44) (Representing the Ship Electrical Equipmen 
Committee); H. T. Young (6.12.54) 
SUB-COMMITTEE ON MARINE MOTORS AND GENERATORS (ELE/1/10) 
H. B. Hughes, B.sc. (5.3.59) 
H. R. Ogle (8.1.59) 
G. O. Watson (20.9.46) 
TECHNICAL COMMITTEE ON VOLTAGES, CURRENT RATINGS, AND 


FREQUENCIES (ELE/2) 
J. L. Miller, D.ENG., PH.D. (1.3.45) 


TECHNICAL COMMITTEE ON ELECTRIC CABLES (ELE/3) 
H. B. Hughes, B.sc. (11.9.58); *C. E. Mills (6.12.51) 
G. O. Watson (31.12.36) 

WORKING PARTY FOR COMMONWEALTH CONFERENCE ON CABLES (ELE/3/-/2) 
B. Donkin, B.A. (6.12.56) 

SUB-COMMITTEE ON SHIPS’ CABLES (ELE/3/2) 
E. E. Hutchings, B.sc.(ENG.) (5.3.59); *C. E. Mills (6.12.51) 
G. O. Watson (20.10.38) 

SUB-COMMITTEE ON RUBBER-INSULATED CABLES (ELE/3/7) 

*B. Donkin, B.A. (2.2.50); *C. E. Mills (15.9.49) 


SUB-COMMITTEE ON P.V.C.-INSULATED CABLES (ELE/3/8) 
*B. Donkin, B.A. (30.3.50); *C. E. Mills (15.9.49) 
SUB-COMMITTEE ON PAPER-INSULATED CABLES (ELE/3/10) 
J. W. Leach (13.9.51) 
SUB-COMMITTEE ON POLYTHENE-INSULATED CABLES (ELE/3/11) 
B. Donkin, B.A. (3.4.52); C. E. Mills (3.4.52) 
SUB-COMMITTEE ON VARNISHED-CAMBRIC INSULATED CABLES (ELE/3/15) 
J. W. Leach (5.11.53) 
SUB-COMMITTEE ON P.V.C. CABLES FOR SWITCHBOARDS (ELE/3/17) 
C. E. Mills (4.11.54) 
SUB-COMMITTEE ON MINERAL-INSULATED CABLES (ELE/3/18) 
*J. 8. McCulloch (26.4.56) 
SUB-COMMITTEE ON FITTINGS FOR MINERAL-INSULATED CABLES (ELE/3/19) 
*J. S. McCulloch (12.9.57) 
SUB-COMMITTEE ON POLYTHENE INSULATION AND SHEATH (ELE/3/20) 
C. E. Mills (6.2.58) 
SUB-COMMITTEE ON HEAT-RESISTING CABLES (ELE/3/21) 
*C. E. Mills (6.3.58) 
SUB-COMMITTEE FOR LIFTS (ELE/3/24) 
C. E. Mills (12.9.57) 
COMMITTEE ON ARMOURED P.V.C.-INSULATED CABLES (ELE/3/25) 
T. A. Frazer, M.A. (14.5.59 
SUB-COMMITTEE ON THE CO-ORDINATION OF C.E.E. WORK ON CABLES 
(ELE/3/27) 
B. Donkin, B.A. (11.9.58) 
TECHNICAL COMMITTEE ON ELECTRICAL ACCESSORIES (ELE/4) 
*B. Donkin, B.A. (12.5.49); *S. L. M. Barlow (26.4.56) 
SUB-COMMITTEE ON TUMBLER SWITCHES (ELE/4/1) 
J. I. Bernard, B.sc.TecH. (17.5.51); *E. J. Sutton (12.5.49) 
SUB-COMMITTEE ON WALL-PLUGS AND SOCKETS (ELE/4/2) 
*H. G. Gamble (3.4.52); J. Hall, B.sc.(ENG.) (19.6.52) 
*E. J. Sutton (12.5.49) 


* Appointed for liaison with the Wiring Regulations Committee 
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sUB-COMMITTEE ON FUSES (ELE/4/3) 
*B, Donkin, B.A. (12.5.49); *F. H. Mann (17.5.51) 
*F, J. Sutton (6.12.51); G. O. Watson (23.2.39) 


SUB-COMMITTEE ON CEILING ROSES (ELE/4/7) 
*B. J. Sutton (12.5.49) 


SUB-COMMITTEE ON CONDUIT FITTINGS (ELE/4/8) 
*F, J. Sutton (12.5.49) 


pANEL ON NON-FERROUS CONDUITS AND FITTINGS (ELE/4/8/2) 
#4, J. L. Whittenham (4.3.48) 


SUB-COMMITTEE ON CONNECTORS FOR PORTABLE APPLIANCES (ELE/4/10) 
*H. G. F. Lambe (11.9.58); L. A. Corney, B.sc.(ENG.) (17.9.59) 
SUB-COMMITTEE ON PROTECTED-TYPE PLUGS AND SOCKETS (FOR INDUSTRIAL 
PURPOSES) (ELE/4/11) 

§. J. Emerson, M.ENG. (15.5.52); *C. E. Mills (3.4.52) 

*E, J. Sutton (12.5.49) 


SUB-COMMITTEE ON SWITCHES FOR APPLIANCES (ELE/4/18) 
*§. L. M. Barlow (7.2.57) 


TECHNICAL COMMITTEE ON ELECTRICAL GLOSSARIES AND GRAPHICAL 
SYMBOLS (ELE/9) 

Prof. M. G. Say, M.SC., PH.D., F.R.S.E. (5.11.59) 

The Secretary of The Institution (or his deputy) 
SUB-COMMITTEE ON GRAPHICAL SYMBOLS FOR GENERAL ELECTRICAL 
ENGINEERING (ELE/9/3) 

L. G. Brazier, PH.D., B.Sc. (2.11.44) 

The Secretary of The Institution (or his deputy) 


SUB-COMMITTEE ON ELECTRICAL NOMENCLATURE AND SYMBOLS—TYPES OF 
ENCLOSURE (ELE/9/8) 
§. J. Emerson (20.5.54) 


PANEL ON INTERNATIONAL VOCABULARY OF THE I.E.C. GROUP 25— 
DISTRIBUTION OF ENERGY (ELE/9/10/25) 
T. G. N. Haldane (26.4.56) 
(Deputy, R. S. Orchard, M.A.) 
COMMITTEE ON ELECTRICAL SWITCH AND CONTROL GEAR (ELE/10) 
*J, A. Broughall, B.sc.(ENG.) (7.3.57) 
SUB-COMMITTEE ON SWITCHGEAR FOR DOMESTIC AND INDUSTRIAL DUTY 
(eLe/10/2) 
Appointment pending 
PANEL ON SMALL AUTOMATIC OVER-CURRENT SWITCHES (ELE/10/2/1) 
H. W. Swann, 0o.B.£. (19.5.55) 
SUB-COMMITTEE ON SWITCHBOARDS (ELE/10/10) 
*T. M. H. Stubbs (7.3.57) 
SUB-COMMITTEE ON AUTOMATIC CHANGE-OVER CONTACTORS (ELE/10/16) 
*E. J. Sutton (15.6.50) 
SUB-COMMITTEE ON EARTH LEAKAGE CIRCUIT-BREAKERS (ELE/10/18) 
*H. W. Grimmitt, c.B.£. (13.5.48) 
Further appointment pending 
SUB-COMMITTEE ON MINIATURE CIRCUIT-BREAKERS (ELE/10/23) 
J. S$. McCulloch (6.2.58); Deputy, F. E. Heppenstall 
TECHNICAL COMMITTEE ON ELECTRICAL INSTRUMENTS (ELE/13) 
R. B. Armstrong, B.sc. (5.4.51); J. F. Coales, 0.B.£., M.A. (5.11.53) 
TECHNICAL COMMITTEE ON ELECTRICITY METERS (ELE/14) 
H. S. Petch, B.sc.(ENG.) (3.12.59); L. B. S. Golds (12.1.50) 
G. F. Shotter (28.2.29) 
TECHNICAL SUB-COMMITTEE ON IMMERSION HEATERS AND THERMOSTATS 
(eLe/15/5) 
E. Jacobi (5.3.53) 
SUB-COMMITTEE ON COMPOSITE BOARDS FOR SWITCHGEAR ETC. (ELE/16/13) 
Appointment pending 
TECHNICAL COMMITTEE ON OVERHEAD LINES (ELE/17) 
P. J. Ryle, B.sc.(ENG.) (19.5.55); H. W. Grimmitt, c.B.£. (26.10.55) 
SUB-COMMITTEE ON INSULATOR AND CONDUCTOR FITTINGS (ELE/17/7) 
W. J. Nicholls, B.sc. (6.1.55) 
SUB-COMMITTEE ON PLASTIC-COVERED CONDUCTORS (ELE/17/10) 
C. Hughes, B.sc.(ENG.) (8.1.59) 
TECHNICAL COMMITTEE ON RAILWAY SIGNALLING APPARATUS (ELE/22) 
E. G. Brentnall, M.ENG. (19.6.52) 
TECHNICAL COMMITTEE ON TRAMWAY POLES (ELE/24) 
T. S. Pick, B.sc.(ENG.) (3.2.49) 
TECHNICAL COMMITTEE ON RAILWAY SIGNALLING NOMENCLATURE AND 
SYMBOLS (ELE/25) 
No representative; papers to the Secretary of our Institution 
TECHNICAL COMMITTEE ON ELECTRIC FANS (ELE/28) 
A. S. Carr, B.sc. (5.11.53) 
TECHNICAL COMMITTEE ON RADIO INTERFERENCE SUPPRESSION (ELE/32) 
G. O. Watson (22.6.44) (Representing the Ship Electrical Equipment 
Committee) 
PANEL ON ABATEMENT OF INTERFERENCE AT HIGHER FREQUENCIES 
(eLe/32/—/1) 
A. J. Biggs, PH.D., B.SC. (6.12.56) 


* Appointed for liaison with the Wiring Regulations Committee 
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TECHNICAL SUB-COMMITTEE ON RADIO INTERFERENCE FROM IGNITION 
SYSTEMS (ELE/32/2) 
W. J. Bray, m.sc. (11.9.58) 


SUB-COMMITTEE ON RADIO INTERFERENCE FROM TROLLEYBUSES AND TRAM- 
WAYS (ELE/32/3) 
Appointment pending 


SUB-COMMITTEE ON RECEIVING EQUIPMENT (ELE/32/5) 
A. J. Biggs, PH.D., B.SC. (6.12.56) : 
The Secretary of The Institution (or his deputy) 


SUB-COMMITTEE ON MARINE INSTALLATIONS (ELE/32/6) 
Sir Archibald J. Gill, B.sc.(ENG.) (6.11.47) 
A. G. Stonebanks (5.3.59); G. O. Watson (8.8.39) 


SUB-COMMITTEE ON RADIO INTERFERENCE FROM POWER LINES AND 
ASSOCIATED PLANT (ELE/32/14) 
J. S. Forrest, p.sc., M.A. (6.11.58) 


TECHNICAL COMMITTEE ON ELECTRIC CLOCKS (ELE/35) 
Appointment pending 


TECHNICAL COMMITTEE ON SAFETY REQUIREMENTS (ELE/38) 
*S. L. M. Barlow (7.2.57); *H. W. Grimmitt, c.B.B. (12.5.49) 
*F. H. Mann (7.2.57) 


SUB-COMMITTEE ON PORTABLE ELECTRIC TOOLS (ELE/38/6) 
F. H. Mann (6.3.52) 


SUB-COMMITTEE ON ELECTRIC SHAVER SUPPLY UNITS (ELE/38/13) 
H. W. Swann, o.B.£. (13.9.56) 


TECHNICAL COMMITTEE ON TERMINAL MARKINGS (ELE/41) 
*E. J. Sutton (3.11.49) 


TECHNICAL COMMITTEE ON EARTHING CLAMPS (ELE/45) 
*H. W. Grimmitt, c.B.£. (12.1.50) 


TECHNICAL COMMITTEE ON CAPACITORS (ELE/46) 
*P. R. Coursey, B.SC.(ENG.) (3.12.53) 
R. C. G. Williams, PH.D., B.SC.(ENG.) (21.4.49) 


SUB-COMMITTEE ON CAPACITORS (ELE/46/3) 
*P. R. Coursey, B.SC.(ENG.) (3.12.53) 


SUB-COMMITTEE ON LOW-VOLTAGE TRANSFORMERS (ELE/51/1) 
A. J. L. Whittenham (16.9.54) 


SUB-COMMITTEE ON MARINE TRANSFORMERS (ELE/51/5) 
G. J. Tuke, B.sc. (11.9.58) 


TECHNICAL COMMITTEE ON INTRINSICALLY SAFE ELECTRICAL APPARATUS 
AND CIRCUITS (ELE/54) 
C. D. Wilkinson (5.2.53) 
TECHNICAL COMMITTEE ON CONSUMER SUPPLY CONTROL UNITS (ELE/57) 
H. C. Spence (31.3.55) : 


TECHNICAL COMMITTEE ON INSTRUMENT TRANSFORMERS (ELE/59) 
G. F. Shotter (22.2.34) 


TECHNICAL COMMITTEE ON POWER RATING OF H.F. HEATING EQUIPMENT 
(ELE/66) 
L. Carter Ludbrook, B.ENG. (13.5.48) 
TECHNICAL COMMITTEE ON INSULATORS FOR POWER SYSTEMS (ELE/70) 
P. K. Davis (31.3.55) 


SUB-COMMITTEE ON LINE INSULATION (ELE/70/1) 
P. K. Davis (11.5.39); H. Willott Taylor (11.5.39) 


COMMITTEE ON FUSES FOR DISTRIBUTION AND SIMILAR PURPOSES (ELE/78) 
F. H. Mann (8.11.56) 


SUB-COMMITTEE ON MEDIUM-VOLTAGE AND LOW-VOLTAGE FUSES (ELE/78/1) 
F. H. Mann (8.11.56); G. O. Watson (8.11.56) 


COMMITTEE ON CO-ORDINATION OF TECHNICAL REQUIREMENTS FOR 
DOMESTIC AND SIMILAR EQUIPMENT (ELE/79) 
*F. H. Mann (7.2.57) 


COMMITTEE ON CONDUITS AND CONDUIT FITTINGS FOR ELECTRICAL 
PURPOSES (ELE/80) 
E. E. Hutchings, B.sc.(ENG.) (25.4.57) 


COMMITTEE ON NON-METALLIC CONDUIT AND FITTINGS (ELE/80/2) 
T. A. Frazer, M.A. (14.5.59) 


COMMITTEE ON ELECTRICAL POWER METERING (ELE/81) 
F. Byrne (7.11.57) 


TECHNICAL COMMITTEE ON DOMESTIC ELECTRICAL EQUIPMENT AND 
APPLIANCES (ELE/82) 
S. L. M. Barlow (15.5.58); H. W. Grimmitt, c.B.£. (15.5.58) 
F. H. Mann (15.5.58) 


TECHNICAL COMMITTEE ON ELECTRICAL APPARATUS FOR EXPLOSIVE GAS 
ATMOSPHERES (ELE/83) 

F. H. Mann (14.5.59) 
TECHNICAL COMMITTEE ON ELECTRICAL PROTECTIVE SYSTEMS (ELE/85) 

G. W. B. Mitchell, B.A. (9.7.59) 
TECHNICAL COMMITTEE ON FUNDAMENTAL TERMS IN ELECTRICAL 
ENGINEERING (ELE/TLE/1) 

Prof. E. Bradshaw, M.B.E., M.SC.TECH., PH.D. (5.11.59) 

The Secretary of The Institution (or his deputy) 
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SUB-COMMITTEE ON GRAPHICAL SYMBOLS FOR GENERAL ELECTRICAL 
ENGINEERING AND TELECOMMUNICATIONS (ELE/TLE/2) 
A. H. M. Arnold, PH.D., D.ENG. (15.5.58) 
COMMITTEE ON AIRCRAFT ELECTRICAL UTILIZATION EQUIPMENT (ACE/5) 
A. K. Clyde (25.4.57) 
COMMITTEE ON AIRCRAFT LAMPS AND LAMPHOLDERS (ACE/5/2) 
A. K. Clyde (25.4.57) 
COMMITTEE ON AIRCRAFT ELECTRICAL CABLES AND ACCESSORIES (ACE/6) 
D. B. McKenzie, B.sc. (25.4.57) 
COMMITTEE ON AIRCRAFT INSTRUMENT EQUIPMENT (ACE/30) 
A. K. Clyde (25.4.57) 
COMMITTEE ON AIRCRAFT ELECTRICAL AND INSTRUMENT REQUIREMENTS 
(ace/41) 
C. S. Hudson, PH.D., B.sc. (25.4.57) 
COMMITTEE ON ROTATING ELECTRICAL MACHINES FOR AIRCRAFT (ACE/42) 
V. A. Higgs, B.sc.(25.4.57) 
COMMITTEE ON AIRCRAFT SWITCHGEAR (ACE/43) 
V. A. Higgs, B.sc. (25.4.57) 
ACOUSTICS STANDARDS COMMITTEE (ACM/—) 
A. J. King, D.Sc., M.SC.TECH. (3.2.49); T. Somerville, B.sc. (20.5.54) 
TECHNICAL COMMITTEE ON ACOUSTICAL TERMINOLOGY (ACM/1) 
F. E. Williams, M.sc.(ENG.) (8.1.59) 
Deputy, E. W. Ayers, B.sc.(ENG.) (5.11.53) 
TECHNICAL COMMITTEE ON ARCHITECTURAL ACOUSTICS (ACM/2) 
T. Somerville, B.sc. (21.4.49) 


TECHNICAL COMMITTEE ON NOISE MEASUREMENT (ACM/3) 
J. S. Forrest, D.sc., M.A. (18.9.47) 


TECHNICAL COMMITTEE ON AUDIOMETERS (ACM/4) 
J. S. Forrest, D.sc., M.A. (18.9.47) 


TECHNICAL COMMITTEE ON ELECTRO-ACOUSTIC TRANSDUCERS (ACM/8) 
D. E. L. Shorter (2.4.59) 


TECHNICAL COMMITTEE ON MEDICAL ULTRASONIC EQUIPMENT (ACM/9) 
C. N. Smyth, M.A., B.SC.(ENG.), B.M., B.CHIR. (4.12.58) 
TECHNICAL COMMITTEE ON ELECTRICAL FENCES (AGE/1) 
H. W. Grimmitt, c.B.£. (16.9.43) 


TECHNICAL COMMITTEE ON UNDER-FLOOR DUCT SYSTEMS (8/43) 
*E. J. Sutton (12.5.49) 
Further appointment pending 


TECHNICAL COMMITTEE ON METER SPACE (B/65) 
H. C. Spence (31.3.55) 


SUB-COMMITTEE ON ELECTRICAL METER SPACE (B/65/1) 
H. C. Spence (31.3.55) 


TECHNICAL COMMITTEE FOR BOILER WATER TESTS (C/37) 
W. Wilde, B.sc.(ENG.) (4.3.43) 


SUB-COMMITTEE ON CONCRETE TRANSMISSION POLES (CEB/6/5) 

N. G. Simpson (26.6.58) 
SUB-COMMITTEE ON ELECTROPLATED COATING OF SILVER FOR INDUSTRIAL 
PURPOSES (CHE/18/9) 

D. O. Walter (1.4.54) 
TECHNICAL COMMITTEE ON VITREOUS ENAMELS (CHE/22) 

E. Jacobi (14.9.44) 
SUB-COMMITTEE ON STAGE ELECTRICAL EQUIPMENT (CME/4/7) 

*C. E. Mills (6.12.51) 

COLLIERY REQUISITES INDUSTRY STANDARDS COMMITTEE (CRE/—) 

P. N. Wyke, B.sc. (10.1.52) 

TECHNICAL COMMITTEE FOR REVISION OF STANDARD SPECIFICATIONS 
RELATING TO HOT-WATER TANKS AND CYLINDERS (HIB/7) 

E. Jacobi (6.11.52) 

INSTRUMENTS INDUSTRY STANDARDS COMMITTEE (INE/—) 

Lt.-Col. W. L. Beck, T.p. (15.1.48) 

The Chairman of the Measurement and Control Section (ex officio) 
SUB-COMMITTEE ON GLOSSARY OF TERMS USED IN AUTOMATIC CONTROL 
SYSTEMS (INE/1/1) 

Prof. K. A. Hayes, B.sc.(ENG.) (6.11.47) 

PANEL ON AUTOMATIC REGULATORS (INE/1/1/4) 
Prof. K. A. Hayes, B.sc.(ENG.) (9.4.53) 
PANEL ON GRAPHICAL SYMBOLS FOR THE COMPONENTS OF SERVO- 
MECHANISMS (INE/1/2/2) 
Prof. K. A. Hayes, B.sc.(ENG.) (24.6.54) 
TECHNICAL COMMITTEE ON TEMPERATURE MEASUREMENT (INE/4) 
. A. Thomas, p.sc. (30.3.50) 
SUB-COMMITTEE ON REFRIGERATION THERMOMETERS ON SHIPS (INE/4/5) 
W. Bamford, B.sc. (23.6.55) 
TECHNICAL COMMITTEE ON PRESSURE GAUGES (INE/6) 

G. A. V. Sowter, PH.D., B.SC.(ENG.) (19.6.52) 

TECHNICAL COMMITTEE ON REVOLUTION INDICATORS AND RECORDERS 
(INE/8) 
W. Bamford, B.sc. (1.3.51) 
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SUB-COMMITTEE ON ELECTRICAL ASPECTS OF REVOLUTION INDICATORS ANp 
RECORDERS (INE/8/2) 


W. Bamford, B.sc. (17/5/51) 

TECHNICAL COMMITTEE ON JEWELS AND PIVOTS FOR INSTRUMENTS (INE/}) 
G. F. Shotter (19.1.39) 
Further appointment pending 


ILLUMINATION INDUSTRY STANDARDS COMMITTEE (LGE/—) 
C. W. M. Phillips (2.12.48); H. R. Ruff, B.sc.(ENG.) (1.4.48) 
W. R. Stevens, B.sc. (19.5.55) ; 
J. W. T. Walsh, 0.8.£., D.sc., M.A. (8.11.51); G. T. Winch (24.6.54) 
The Secretary of The Institution (or his deputy) 


TECHNICAL COMMITTEE ON PORTABLE PHOTOMETERS (LGE/1) 
G. F. Freeman, M.Sc.(ENG.) (15.5.52) 
Further appointment pending 


TECHNICAL COMMITTEE ON ELECTRIC LAMPS (LGE/6) 
*N. Sizer, 0.B.£., M.c.(23.6.49); G. T. Winch (4.2.54) 


SUB-COMMITTEE ON DISCHARGE LAMPS (LGE/6/6) 
*N. Sizer, 0.B.E., M.C. (23.6.49); G. T. Winch (4.2.54) 


SUB-COMMITTEE ON AUXILIARIES (LGE/6/7) 
N. Sizer, 0.B.E., M.c. (23.6.49) 


TECHNICAL COMMITTEE ON PHOTOMETRIC INTEGRATORS (LGE/7) 
G. F. Freeman, M.Sc.(ENG.) (15.5.52) 
Further appointment pending 


TECHNICAL COMMITTEE ON ELECTRIC SIGNS (LGE/11) 
Capt. C. Higgins, 0.B.£., B.SC.(ENG.) (4.3.48) 
W. R. Stevens, B.sc. (4.11.48); *A. J. L. Whittenham (4.12.47) 


SUB-COMMITTEE ON ELECTRICAL EQUIPMENT OF MACHINE TOOLS 
(MEE/6/20) 

E. J. Sutton (1.4.54) 
TECHNICAL COMMITTEE ON PIPE FLANGES (MEE/11) 

F. Shakeshaft, 0.B.£. (16.9.48) 


SUB-COMMITTEE ON STEAM FLANGES (MEE/11/1) 
F. Shakeshaft, 0.B.£. (16.9.48) 


TECHNICAL COMMITTEE ON ENGINE TESTING FITTINGS (MEE/13) 
F. Shakeshaft, 0.B.£. (16.9.48) 


TECHNICAL COMMITTEE ON PUMP TESTS (MEE/29) 
H. R. Ogle (6.1.55) 


TECHNICAL COMMITTEE ON LAND BOILERS (MEE/34) 
F. Shakeshaft, 0.B.£. (16.9.48) 


SUB-COMMITTEE ON WATER-TUBE BOILERS (MEE/34/2) 
F. Shakeshaft, 0.B.£. (16.9.48) 


SUB-COMMITTEE ON FITTINGS FOR LAND BOILERS (MEE/34/6) 
F. Shakeshaft, 0.B.£. (16.9.48) 


SUB-COMMITTEE ON ACCESSORIES FOR LAND BOILERS (MEE/34/7) 
F. Shakeshaft, 0.B.£. (16.9.48) 

SUB-COMMITTEE ON BOILER AND SUPERHEATER TUBES (MEE/34/9) 
F. Shakeshaft, 0.B.£. (16.9.48) 


SIB-COMMITTEE ON ELECTRODE BOILERS (MEE/34/12) 
H. E. Baker, B.A. (6.11.49) 


TECHNICAL COMMITTEE ON COMPRESSORS, EXHAUSTERS AND FANS (mMee/39) 
Prof. R. O. Kapp, B.sc. (25.6.53) 


SUB-COMMITTEE ON FANS FOR GENERAL PURPOSES (MEE/39/4) 
Prof. R. O. Kapp, B.sc. (25.6.53) 
SUB-COMMITTEE ON MINE FANS (MEE/39/5) 
P. N. Wyke, B.sc. (25.6.53) 
TECHNICAL COMMITTEE ON METHODS OF TEST FOR DUST EXTRACTION PLANT 
(MEE/48) 
C. L. Blackburn, B.A. (5.9.34) 


TECHNICAL COMMITTEE ON LIFTS, HOISTS AND ESCALATORS (MEE/49) 
L. J. Gooch (1.3.45) 


TECHNICAL COMMITTEE ON GRAPHICAL SYMBOLS FOR GENERAL 
ENGINEERING (MEE/88) ek sie , 
The Secretary of The Institution (or his deputy) 


TECHNICAL COMMITTEE ON B.S. CLASSIFICATION SCHEME OF PLANT, 
EQUIPMENT AND TOOLS (MEE/100) 
Appointment pending 


TECHNICAL COMMITTEE ON IDENTIFICATION OF PIPELINES, CABLES AND 
CONDUITS (MEE/104) 
E. Jacobi (23.6.48) 


TECHNICAL COMMITTEE ON INTERNAL COMBUSTION ENGINES (MEE/123) 
G. O. Watson (16.1.47) 
Further appointment pending 


TECHNICAL COMMITTEE ON HYDRAULIC TURBINES (MEE/125) 
P. L. Blackstone, T.D., M.A. (19.5.55) 
TECHNICAL COMMITTEE ON TERMINOLOGY AND SYMBOLS FOR INDUSTRIAL 
WORK STUDY (MEE/132) 
H. O. Weare (4.12.52) 
COMMITTEE ON GAS TURBINES (MEE/143) 
B. Wood, M.A. (22.9.55) 
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COMMITTEE ON PUNCHED CARDS ETC. FOR DATA TRANSMISSION (MEE/149) 
R. H. Tizard, B.A. (7.2.57) 
ali TEE ON MAGNETIC TAPE FOR USE WITH COMPUTERS 
a WN 4) 
. V. Sowter, PH.D., B.SC.(ENG.) (12.9.57) 
am TEE ON LEAD & LEAD ALLOYS FOR CABLE SHEATHING (NFE/22/3) 
C. E. Mills (23.6.49) 
TECHNICAL -_ “COMMITTEE (O0C/1/3)—MARK SUB-COMMITTEE ON RADIO 
INTERFEREN 
W. J. Bray, M.SC. (11.9.58) 
DOCUMENTATION STANDARDS comers (oc/20) 
B. M. Crowther, M.A., PH.D. (19.6.47) 
The Secretary of The ‘Institution = his deputy) 
TECHNICAL acai ON PLASTIC MOULDINGS OF THE THERMOSETTING 
TyPE (PCL/18 
C5. Mills (26.6.54) 
TECHNICAL COMMITTEE ON SAFETY BELTS (PSM/5) 
Appointment pending 
TECHNICAL COMMITTEE ON SAFETY COLOUR CODE (PSM/12) 
F. H. Mann (14.5.53) 
TECHNICAL COMMITTEE ON ANTI-STATIC CONDUCTIVE RUBBER AND PLASTICS 
(ruc/2) 
H. K. Cameron, B.Sc., PH.D. (3.11.49) 
TECHNICAL COMMITTEE ON RUBBER BALATA AND PLASTICS FLAT BELTING 
(ruc/16) 
Appointment pending 
TECHNICAL COMMITTEE ON RUBBER FLOORING (RUC/33) 
Appointment pending 
TECHNICAL COMMITTEE ON MANUFACTURERS’ TRADE AND TECHNICAL 
LITERATURE (S/14) 
Appointment pending 
TECHNICAL COMMITTEE ON NOMENCLATURE AND DEFINITIONS FOR SOLID- 
FUEL BURNING APPLIANCES (SFE/1) 
J. I. Bernard, B.SC.TECH. (3.3.49) 
TECHNICAL COMMITTEE ON THERMAL INSULATING MATERIAL (SFE/14) 
J. I. Bernard, B.SC.TECH. (22.6.44) 
PANEL ON THERMAL INSULATING MATERIALS FOR SMALL DWELLINGS 
(sre/14/1/2) 
J. I. Bernard, B.SC.TECH. (22.6.44) 
TECHNICAL COMMITTEE ON BRITISH STANDARD METHODS FOR THE SAMPLING 
AND ANALYSIS OF FLUE GASES INCLUDING INDICATING AND/OR RECORDING 
INSTRUMENTS (SFE/17) 
C. L. Blackburn, B.A. (20.9.45) 
TECHNICAL COMMITTEE ON METHODS FOR TESTING ATMOSPHERIC POLLUTION 
(INCLUDING INSTRUMENTS) (SFE/21) 
R. W. Griffin, B.sc.(ENG.) (9.5.46) 
TECHNICAL COMMITTEE ON AIR HEATER BATTERIES (SFE/23) 
F. Shakeshaft, 0.B.£. (16.9.48) 


TECHNICAL COMMITTEE ON COAL AND COKE (SFE/45) 
D. P. Sayers, B.sc. (5.2.59) 

TELECOMMUNICATIONS INDUSTRY STANDARDS COMMITTEE (TLE/—) 
R. E. Robinson (13.9.51); C. E. Strong, 0.B.£., B.A., B-A.L. (13.9.51) 
Chairman of the Electronics and Communications Section (ex officio) 


TECHNICAL COMMITTEE ON TERMINOLOGY AND SYMBOLS FOR TELECOM- 
MUNICATION (TLE/1) ; 

Prof. E. C. Cherry, D.sc. (5.2.53) 

The Secretary of The Institution (or his deputy) (5.2.53) 
SUB-COMMITTEE ON NOMENCLATURE AND LETTER SYMBOLS FOR TELECOM- 
MUNICATION (TLE/1/1) | 

L. I. Farren, M.B.£. (10.4.58) y 

The Secretary of The Institution (or his deputy) 

SUB-COMMITTEE ON GRAPHICAL SYMBOLS FOR TELECOMMUNICATION 
(TLE/1/2) 

L. S. Crutch, B.sc.(ENG.) (14.5.53) , 

The Secretary of The Institution (or his deputy) 

SUB-COMMITTEE ON COMPUTER TERMINOLOGY (TLE/1/3) 

W. S. Elliott, M.A. (15.5.58) 

TECHNIC AL COMMITTEE ON RADIO (INCLUDING TELEVISION) RECEIVERS 
(TLE/2) 

R. C. G. Williams, PH.D., B.SCc.(ENG.) (5.2.53) 

SUB-COMMITTEE ON PERFORMANCE OF RADIO RECEIVERS (TLE/2/1) 

B. G. Pressey, PH.D., M.SC.(ENG.) (15.5.52) 
SUB-COMMITTEE ON MAINS SUPPLY APPARATUS FOR RADIO RECEIVERS ETC. 
(TLE/2/2) 

*H. G. Gamble (17.3.47); E. M. Lee, B.sc. (6.3.47) 

A. H. F. Linton (7.2.57) 


SUB-COMMITTEE ON RADIO (INCLUDING TELEVISION) AERIALS (TLE/2/3) 

E. M. Lee, s.sc. (7/11/57) 
ie COMMITTEE ON RADIO (INCLUDING TELEVISION) TRANSMITTERS 
(TLE/3) 

V. J. Cooper, B.sc.(ENG.) (5.2.53) 
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SUB-COMMITTEE ON RADIO (INCLUDING TELEVISION) TRANSMITTER 
PERFORMANCE (TLE/3/1) 
E. Green, M.sc. (1.12.55) 


SUB-COMMITTEE ON RADIO (INCLUDING TELEVISION) TRANSMITTER SAFETY 
REQUIREMENTS (TLE/3/2) 
Sir Archibald J. Gill, B.sc.(ENG.) (5.2.53) 


TECHNICAL COMMITTEE ON COMPONENTS FOR TELECOMMUNICATION 
EQUIPMENT (TLE/4) 
G. J. McDonald, B.sc.(ENG.) (4.3.54) 


SUB-COMMITTEE ON CONNECTORS AND SWITCHES FOR TELECOMMUNICATION 
EQUIPMENT (TLE/4/12) 
M. Lee, B.sc. (6.12.56) 
PANEL ON CONNECTORS FOR TELECOMMUNICATION EQUIPMENT (TLE/4/12/1) 
E. M. Lee, B.sc. (6.12.56) 


PANEL ON SWITCHES FOR TELECOMMUNICATION EQUIPMENT (TLE/4/12/2) 
. M. Lee, B.sc. (6.12.56) 


TECHNICAL COMMITTEE ON TELECOMMUNICATION MEASURING INSTRUMENTS 
AND TEST EQUIPMENT (TLE/8) 
E. D. Hart, M.A. (26.4.56) 


SUB-COMMITTEE ON VIBRATION AND BUMP APPARATUS (TLE/8/2) 
. A. F. Frost, B.sc.(eNG.) (30.3.50) 


PANEL ON SHOCK AND VIBRATION AND BUMP TERMINOLOGY (TLE/8/2/1) 
Appointment pending 
TECHNICAL COMMITTEE ON TELECOMMUNICATION MEASURING INSTRUMENTS 
AND TEST EQUIPMENT—SIGNAL GENERATORS (TLE/8/3) 
K. H. Newhouse (8.1.59) 


TECHNICAL COMMITTEE ON TELECOMMUNICATION MEASURING INSTRUMENTS 
AND TEST EQUIPMENT—ELECTRONIC INSTRUMENTS FOR VOLTAGE MEASURE- 
MENT (TLE/8/4) 
. H. Newhouse (8.1.59) 
TECHNICAL COMMITTEE ON AIRCRAFT RADIO EQUIPMENT (TLE/9) 
K. . Frost, B.sc.(ENG.) (30.3.50) 
cB. "Strong, O.B.E., B.A., B.A.1. (8.2.46) 


SUB-COMMITTEE ON AIRCRAFT RADIO EQUIPMENT CONNECTORS (TLE/9/1) 
Appointment pending 


UNITS AND SYMBOLS STANDARDS COMMITTEE (USM/—) 
Col. J. Reading, M.B.E., B.SC.(ENG.) (6.12.51) 
The Secretary of The Institution (or his deputy) 


CO-ORDINATION OF DEFINITIONS, UNITS AND TECHNICAL DATA COMMITTEE 
(usM/1) 

Prof. E. Bradshaw, M.B.E., M.SC.TECH., PH.D. (17.5.56) 

Prof. R. O. Kapp, B.sc. (1.1.45) 

The Secretary of The Institution (or his deputy) 


SUB-COMMITTEE ON GLOSSARY OF TERMS USED 1N NUCLEAR SCIENCE 
(usM/1/8) 
Denis Taylor, M.sc., PH.D. (13.9.56) 
SUB-COMMITTEE ON ELECTRICAL UNITS AND MAGNITUDES (USM/ 1/9) 
Prof. E. Bradshaw, M.B.E., M.SC.TECH., PH.D. (2.2.56) 
Prof. M. G. Say, M.SC., PH.D., F.R.S.E. (5.11.59) 
The Secretary of The Institution (or his deputy) (2.2.56) 


TECHNICAL COMMITTEE ON ABBREVIATIONS AND LETTER SYMBOLS (USM/2) 

Prof. E. Bradshaw, M.B.E., M.SC.TECH., PH.D. (5.11.59) 

Prof. M. G. Say, M.SC., PH.D., F.R.S.E. (3.12.59) 

The Secretary of The Institution (or his deputy) 

SUB-COMMITTEE ON LETTER SYMBOLS, SIGNS AND ABBREVIATIONS 
(ELECTRICAL ENGINEERING) (USM/2/6) 

G. E. Williams, B.sc.(ENG.) (17.9.59) 

SUB-COMMITTEE ON ELECTRICAL ABBREVIATIONS AND LETTER SYMBOLS 
(usM/2/9) 

Prof. E. Bradshaw, M.B.E., M.SC.TECH., PH.D. (2.2.56) 

Prof. M. G. Say, M.SC., PH.D., F.R.S.E. (35.12.59) 

The Secretary of The Institution (or his deputy) (2.2.56) 
COMMITTEE ON STATISTICAL METHODS (STANDARDIZATION AND SPECIFI- 
CATIONS) (USM/3) 

P. Schiller, pipL.-ING. (10.4.58) : 

The Secretary of The Institution (or his deputy) 

WELDING INDUSTRY STANDARDS COMMITTEE (WEE/—) 

A. E. Villiers, M.A. (17.9.53) 
TECHNICAL COMMiTTEE ON DEFINITIONS AND SYMBOLS FOR WELDING 
(wee/I) 

A. E. Villiers, M.A. (11.9.58) 
TECHNICAL COMMITTEE ON ARC WELDING PLANT (WEE/6) 

A. E. Villiers, M.A. (18.9.47) 

TECHNICAL COMMITTEE ON RESISTANCE WELDING EQUIPMENT (WEE/26) 

F. C. Duffield, (7.11.57) 

TECHNICAL COMMITTEE NO. 13—-MEASURING INSTRUMENTS 
. F. Tagg, PH.D., B.SC.(ENG.) (6.3.58) 

Brunel College of Technology 

GOVERNING BODY 

D. P. Sayers, B.sc.(23.5.57) 

ADVISORY PANEL IN ELECTRICAL ENGINEERING AND ELECTRONICS 

K. M. Jones (4.12.58) 





Buckinghamshire Education Committee 
ADVISORY COMMITTEE FOR ENGINEERING (NORTH BUCKS AREA) 
G. E. Middleton, M.A. (22.9.55) 


Bury Technical College 
ENGINEERING ADVISORY COMMITTEE 
J. Mills (8.11.51) 


Cannock Chase Mining and Technical College 
ENGINEERING ADVISORY COMMITTEE 
J. C. Christie, B.sc. (5.3.59) 


Welsh College of Advanced Technology 
GOVERNING BODY 
J. Vaughan Harries (4.4.57) 
ADVISORY SUB-COMMITTEE FOR THE DEPARTMENT OF APPLIFD PHYSICS AND 
ELECTRICAL ENGINEERING 
J. Vaughan Harries (4.2.54) 


Caroline Haslett Trust Committee 
J. W. Leach (17.5.51) 


City and Guilds of London Institute 
ADVISORY COMMITTEE ON ELECTRICAL ENGINEERING PRACTICE 
G. F. Freeman, M.Sc.(ENG.) (22.9.55) 


ADVISORY COMMITTEE FOR ELECTRICAL FITTERS’ COURSE 
C. C. Hitchen (5.12.57) 


ADVISORY COMMITTEE ON ELECTRICAL INSTALLATION WORK 
W. F. Parker (22.9.55) 


ADVISORY COMMITTEE FOR ELECTRICAL TECHNICIANS’ COURSES 
Prof. M. W. Humphrey Davies, m.sc. (26.4.56) 
K. R. Sturley, PH.D., B.sc. (17.5.56) 


ADVISORY COMMITTEE ON METAL FINISHING (INCLUDING ELECTRO- 
DEPOSITION OF METALS) 
Prof. J. W. Cuthbertson, p.sc. (4.4.57) 


ADVISORY COMMITTEE ON ILLUMINATING ENGINEERING 
G. F. Freeman, M.SC.(ENG.) (16.9.54) 


ADVISORY COMMITTEE ON INSTRUMENT MAINTENANCE 
F. O. Morrell, B.sc. (13.9.56) 
ADVISORY COMMITTEE ON MACHINE SHOP ENGINEERING 
C. C. Hitchen (22.9.55) 
ADVISORY COMMITTEE FOR MECHANICAL AND ELECTRICAL ENGINEERING 


INSPECTION : 
Lt.-Cmdr. R. B. Fairthorne, r.N.(RET.) (1.4.54) 
ADVISORY COMMITTEE ON MINING EDUCATION 
B. L. Metcalf, B.sc.(ENG.) (9.10.52) 
ADVISORY COMMITTEE ON WELDING 
A. C. Davies, B.sc. (18.9.47) 
ADVISORY COMMITTEE ON TECHNICAL ILLUSTRATION 
C. T. Rivington, M.A. (23.6.55) 
ADVISORY COMMITTEE FOR RADIO AMATEURS’ EXAMINATION 
R. C. G. Williams, PH.D., B.SC.(ENG.) (23.6.48) 
ADVISORY COMMITTEE ON TELECOMMUNICATIONS ENGINEERING 
R. C. G. Williams, PH.D., B.SC.(ENG.) (27.6.57) 
ADVISORY COMMITTEE FOR RADIO SERVICE WORK 
R. C. G. Williams, PH.D., B.sC.(ENG.) (23.6.48) 
ADVISORY COMMITTEE FOR RADIO AND TELEVISION SERVICING 
R. C. G. Wiliiams, PH.D., B.SC.(ENG.) (14.5.59) 
ADVISORY COMMITTEE ON PLANT ENGINEERING 
G. V. Sadler (22.9.55) : 
EXPLORATORY COMMITTEE FOR TECHNICAL AUTHORSHIP 
G. E. Williams, B.sc.(ENG.) (25.4.57) 
EXPLORATORY COMMITTEE ON EXAMINATIONS IN ENGINEERING DRAWING 
Prof. M. W. Humphrey Davies, m.sc. (23.5.57) 
ADVISORY COMMITTEE ON INDUSTRIAL RADIOGRAPHY 
A. Nemet, DR.-ING. (6.11.52) 
ADVISORY COMMITTEE ON INSTRUMENT MAKING 
J. E. Richardson, PH.D., B.ENG. (9.10.52) 
ADVISORY COMMITTEE ON STEAM UTILIZATION 
R. H. Coates, B.sc.(ENG.) (23.4.53) 
ADVISORY COMMITTEE ON TURBINE HOUSE OPERATION 
D. P. Sayers, B.sc. (8.11.56) 
FELLOWSHIP COMMITTEE 
Sir Gordon Radley, k.c.B., C.B.E., PH.D.(ENG.) (15.5.52) 
TECHNOLOGY COMMITTEE 
Prof. M. W. Humphrey Davies, m.sc. (4.11.48) 


City of Birmingham Education Department 


ADVISORY COMMITTEE FOR ELECTRICAL ENGINEERING FOR TECHNICAL 
COLLEGES IN BIRMINGHAM OTHER THAN THE BIRMINGHAM COLLEGE OF 
TECHNOLOGY 

L. L. Tolley, B.sc.(ENG.) (5.3.59) 
ENGINEERING ADVISORY COMMITTEE 

H. S. Davidson, T.p. (3.11.55) 
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City of Portsmouth College of Technology 
ENGINEERING ADVISORY COMMITTEE 
E. A. Logan, M.Sc. (7.2.57) 


College of Aeronautics, Cranfield 
GOVERNING BODY 
Appointment pending 


C.C.1.R.—Study Group No. 14 on ‘Vocabulary’ 


BRITISH NATIONAL STUDY COMMITTEE 
R. L. Smith-Rose, c.B.£., D.sc., PH.D. (11.9.58) 


Commission mixte internationale 
P. J. Ryle, B.sc.(ENG.) (2.2.50) 


Cornish Engines Preservation Society 
Sir Archibald J. Gill, B.sc.(ENG.) (13.9.56) 


Council for the Preservation of Rural England 
J. R. Beard, c.B.£., M.sc. (11.9.58) 


Council for the Preservation of Rural Wales 
GENERAL COMMITTEE 
J. Vaughan Harries (2.4.59) 


Croydon Technical College 
ELECTRICAL ENGINEERING ADVISORY COMMITTEE 
F. J. Lane, 0.B.£., M.Sc. (22.9.55) 


Darlington College of Further Education 
GOVERNING BODY 
D. B. Hogg, M.B.E. (5.11.53) 


ELECTRICAL ENGINEERING ADVISORY SUB-COMMITTEE 
T. A. George (14.5.59) 


Delhi Engineering College Trust 
EXECUTIVE COMMITTEE 
Sir Willis Jackson, D.Sc., F.R.S. (5.11.59) 


Department of Scientific and Industrial Research 
STANDING CONSULTATIVE CONFERENCE ON BUILDING RESEARCH AND 
DEVELOPMENT 

R. A. Marryat (17.9.59) 


Dow Prize Board 
A. G. Ramsay, C.B.E., B.SC.(ENG.) (8.11.51) 


East Anglian Regional Advisory Council for Further 
Education 
EASTERN AREA ENGINEERING SUB-COMMITTEE 

J. A. Summer (12.1.50) 


WESTERN AREA ENGINEERING SUB-COMMITTEE 
Capt. N. Hiller, B.sc.(ENG.) (31.3.55 ) 


East Berkshire College of Further Education 
ELECTRICAL ENGINEERING ADVISORY COMMITTEE 
A. F. Wilkins, 0.B.E., M.SC.TECH. (19.6.52) 


East Midlands Regional Advisory Council for Further 


Education 
ADVISORY PANEL FOR THE ENGINEERING INDUSTRY 
Maj. H. E. Knight (5.4.56) 


Economic Commission for Europe 

WORKING PARTY ON INTERNATIONAL CONTRACT PRACTICES IN ENGINEERING 
K. F. A. Johnston (18.9.52) 
J. F. St.G. Shaw, B.sc.(ENG.) (4.3.54) 


Electrical Association for Women 
NATIONAL ADVISORY COUNCIL 
C. T. Melling, C.B.£., M.SC.TECH. (10.4.58) 


COMMITTEE FOR TRAINING OF WOMEN DEMONSTRATORS 
J. R. Beard, c.B.£., M.sc. (4.11.37) 


Engineering Institutions’ Examination Part I Committee 
Prof. E. Bradshaw, M.B.E., M.SC.TECH., PH.D. (6.11.58) 
H. L. Haslegrave, M.A., PH.D., M.SC.(ENG.) (5.11.59) 
A. H. Mumford, 0.B.£., B.SC.(ENG.) (6.11.58) 


Engineering Joint Examination Board 
Prof. H. E. M. Barlow, PH.D., B.SC.(ENG.) (8.11.56) 
Prof. J. Greig, M.SC., PH.D. (5.11.59) 
Engineering Standards Co-Ordinating Committee 
ELECTRICAL ADVISORY BOARD 
F. Jervis Smith (23.6.49) 
Exeter Technical College 
ELECTRICAL ADVISORY COMMITTEE 
A. L. Keet, M.ENG. (28.6.51}; H. Trussler (28.6.51) 
Fire Offices’ Committee Fire Protection Association 


COMMITTEE ON THE USE OF ELECTRICITY IN INDUSTRY 
Forbes Jackson (3.11.55) 
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Glasgow Careers Council 
PANEL OF ADVISERS 

‘A. P. MacKim (23.6.48) 
Hackney Technical College 


BOARD OF GOVERNORS 
F. T. Chapman, C.B.E., D.SC.(ENG.) (15.9.49) 


Imperial College of Science and Technology 
BOARD OF GOVERNORS 
Sir Willis Jackson, D.Sc., F.R.S. (11.9.58) 


Industrial Fuel Efficiency Exhibition 
ORGANIZING COMMITTEE 
H. V. Pugh (6.2.58) 


Institute of Fuel 

COUNCIL 
W. N. C. Clinch (15.5.52) 

Institution of Civil Engineers 

COMMITTEE ON SOIL CORROSION OF METALS AND CEMENT PRODUCTS 
H. W. Grimmitt (20.9.46); H. W. Swann, 0.B.£. (20.9.46) 


Institution of Mechanical Engineers/B.S.I. Committee on 


Code for the Testing of Boilers 
F. W. Lawton (26.4.45); F. Shakeshaft, 0.B.£. (26.4.45) 


International Commission on Irrigation and Drainage 
BRITISH NATIONAL COMMITTEE 
B. Donkin, B.A. (6.3.58) 


International Conference on Fatigue of Metals 
ORGANIZING COMMITTEE 
G. R. Peterson, B.A. (31.3.55) 


International Conference on Large Electric Systems 
(C.L.G.R.E.) 


BRITISH NATIONAL COMMITTEE 
C. O. Boyse, B.SC.(ENG.) (30.3.50) 
§. E. Goodall, M.sc.(ENG.), F.Q.M.c. (28.6.51) 
H. W. Grimmitt (30.3.50); Sir Harry Railing, D.ENG. (10.3.38) 
E. L. E. Wheatcroft, M.A. (30.3.50) 
D. P. Sayers, B.sc. (5.3.59) 


International Conference on Large Electric Systems 
(C.LG.R.E.) 


IRISH NATIONAL COMMITTEE 
A. J. Litton, B.£., B.sc. (3.11.55) 


International Electrotechnical Commission 

BRITISH NATIONAL COMMITTEE 
Sir John Hacking (7.2.52); C. E. Strong, 0.B.£., B.A., B.A.I. (7.2.52) 
G. T. Winch (24.6.54); The Secretary of The Institution 


International Union for Electroheat 
BRITISH NATIONAL COMMITTEE 
R. H. Barfield, p.sc. (6.3.58); H. J. Gibson, B.sc. (6.3.58) 
0. W. Humphreys, c.B.E., B.SC. (6.3.58); E. May, B.sc. (6.3.58) 
Sir Henry Clay, BART., M.A. (10.4.58) 
Ipswich Civic College 
COUNCIL FOR ENGINEERING 
H. V. Pugh (5.12.57) 
Joint British Committee for Vacuum Science and 


Technology 
J. Blears, B.sC.(ENG.) (9.7.59) 
Prof. M. R. Gavin, M.B.E., M.A., D.Sc. (9.7.59) 
Joint Committee on the Applications of Electricity to 
Aircraft 
P. J. Daglish, B.sc. (8.1.59); D. C. Flack, B.sc.(ENG.), PH.D. (8.1.59) 
Group-Capt. A. Foden, B.SC.TECH., R.A.F. (8.1.59) 
R. Hilton, M.ENG. (8.1.59); H. F. Innocent (8.1.59) 
Prof. G. A. Whitfield (8.1.59) 
Joint Committee for National Certificates and Diplomas 
in Electrical Engineering (England and Wales) 
Prof. M. W. Humphrey Davies, m.sc. (5.11.53) 
E.R. L. Lewis, M.A. (8.11.56); G. S. C. Lucas, 0.B.k. (8.11.56) 


Joint Committee for National Certificates and Diplomas 


in Electrical Engineering (Northern Ireland) 

Prof. T. P. Allen, M.sc. (21.5.48) 

J.W. R. Murland, B.sc.(ENG.) (6.11.58) 

T. S. Wylie (8.1.59) 
Joint Committee for National Certificates and Diplomas 
in Electrical Engineering (Scotland) 

Prof. B. Hague, D.sc., PH.D. (4.11.48); W. B. Laing (8.11.56) 

Prof. M. G. Say, PH.D., M.SC., F.R.S.E. (7.11.46) 

J. Stewart, M.A., B.SC. (3.11.55) 
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Joint Co-Ordinating Committee for Lectures for Schools 
E. L. E. Wheatcroft, M.A. (7.12.50) 
Joint E.D.A./B.S.I. Advisory Committee on Electrical 
Appliances and Accessories 
J. R. Beard, c.B.£., M.sc. (18.9.47); *Forbes Jackson (6.12.56) 
King’s College, Durham University 
ELECTRICAL ENGINEERING COMMITTEE 
Chairman of the North-Eastern Centre (ex officio) 
Kingston Technical College 


BOARD OF GOVERNORS 
J. W. T. Walsh, 0.B.£., D.sc., M.A. (11.9.58) 


ADVISORY COMMITTEE FOR ELECTRICAL ENGINEERING 
J. W. T. Walsh, 0.B.£., D.sc., M.A. (13.9.56) 
Kuala Lumpur Technical College 
ADVISORY COMMITTEE ON ENGINEERING 
W. G. Scott, B.sc. (17.9.53); P. J. Tyrell (21.4.55) 
L.C.C. Committee 
ROBERT BLAIR FELLOWSHIP 
S. E. Goodall, M.sc.(ENG.), F.Q.M.C. (16.9.48) 


Leeds College of Technology 
ELECTRICAL ENGINEERING TRADES ADVISORY SUB-COMMITTEE 
H. Hurworth (12.9.57) 
Leicester College of Technology and Commerce 
ENGINEERING TRADES ADVISORY COMMITTEE 
L. Rushforth, M.B.£., B.sc. (13.9.56) 
Lloyd’s Register of Shipping 
TECHNICAL COMMITTEE 
Sir Archibald J. Gill, B.sc.(ENG.) (25.6.59) 
Loughborough College of Technology 
GOVERNING BODY 
G. S. C. Lucas, 0.B.£., F.c.G.1. (18.9.52) 
ADVISORY COMMITTEE ON ELECTRICAL ENGINEERING 
G. S. C. Lucas, 0.B.£., F.Cc.G.1. (11.9.58) 
ADVISORY COMMITTEE ON INDUSTRIAL ENGINEERING 
D. E. Lambert, B.sc.(ENG.) (23.4.59) 
Malaya—Central Advisory Committee on Technical and 
Vocational Education and Training 
J. Sharples, B.sc.(ENG.) (17.9.53) 
Manchester College of Science and Technology 
COURT OF GOVERNORS 
Sir Willis Jackson, D.sc., F.R.S. (22.9.55) 
Metalliferous Mining (Cornwall) School 
GOVERNING BODY 
F. Bowles (6.12.56) 
Ministry of Labour and National Service 
ENGINEERING ADVISORY PANEL 
B. L. Metcalf, B.sc.(ENG.) (9.7.59) 
C. E. Strong, 0.B.£., B.A., B.A.1. (5.11.59) 
The Secretary of The Institution (9.7.59) 
Ministry of Labour and National Service (Leeds) 
PANEL OF ADVISORS 
A. J. Coveney (8.1.59) 
Monmouthshire Education Committee 
TECHNICAL EDUCATION SUB-COMMITTEE 
W. Lloyd Williams (11.9.58) 
National Advisory Committee on Mining Education 
B. L. Metcalf, B.sc.(—ENG.) (25.5.50) 
National Advisory Council on Education for Industry and 


Commerce 

SUB-COMMITTEE FOR NATIONAL CRAFTSMEN’S CERTIFICATES IN ENGINEERING 
B. L. Metcalf, B.sc.(ENG.) (15.9.49) 

National Approvals and Marking Scheme for Domestic 


Electrical Equipment 
PROVISIONAL COMMITTEE 
Forbes Jackson (6.2.58) 
National Committee on Space Research 
J. S. McPetrie, pH.D., D.sc. (5.3.59) 
National Council for Technological Awards 


BOARD OF STUDIES IN ENGINEERING 
S. E. Goodall, M.sc.(ENG.), F.Q.M.C. (22.9.55); G. S. C. Lucas, 0.B.8.. 
F.C.G.1. (22.9.55) 


* Appointed for liaison with the Wiring Regulations Committee 
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National Illumination Committee of Great Britain 
C. W. M. Phillips (2.12.48); H. R. Ruff, B.sc.(ENG.) (1.4.48) 
W. R. Stevens (22.9.55); J. W. T. Walsh, 0.8.£., D.sc., M.A. (8.11.51) 
G. T. Winch (24.6.54); The Secretary of The Institution 


COMMITTEE OF ADMINISTRATION 
G. T. Winch (24.6.54) 


National Inspection Council for Electrical Installation 
Contracting 


NATIONAL INSPECTION BOARD 
S. E. Goodall, M.sc.(ENG.), F.Q.M.c. (8.11.56)—alternate R. A. Marryat, 
B.SC.(ENG.) (10.1.57) 
Forbes Jackson (21.4.55)—alternate S. J. Emerson (13.9.56) 


National Joint Advisory Council for the Electricity Supply 
Industry 
EDUCATION AND TRAINING COMMITTEE [No. 1 SUB-COMMITTEE 
(ENGINEERING) ] 

F. T. Chapman, c.B.£., D.SC.(ENG.) (15.9.49) 


National Register of Electrical Installation Contractors 
T. G. Christie, B.sc.(ENG.) (19.6.47); Forbes Jackson (1.3.45) 
R. H. Rawill (23.6.48); H. W. Swann, o.B.k. (4.3.54) 
R. P. Watson, B.A., B.A.1. (14.5.53) 


National Society for Clean Air 
EXECUTIVE COUNCIL 
C. T. Melling, c.B.£., M.sc.TECH. (9.1.58) 


NORTH-WESTERN DIVISIONAL COUNCIL 
H. G. Bell, M.sc.TECH. (12.9.57) 


SCOTTISH DIVISION 
R. J. Rennie, B.sc. (7.2.52) 


YORKSHIRE DIVISIONAL COUNCIL 
A. J. Coveney (26.6.58); Deputy, W. J. A. Painter (26.6.58) 


Newcastle upon Tyne College of Further Education 

GOVERNING BODY 
J. Christie (15.5.58) 

North Riding of Yorkshire Education Committee 

ESTON ENGINEERING ADVISORY COMMITTEE 
E. H. Jordan (12.5.49) 

Northern Advisory Council for Further Education 

ADVISORY COMMITTEE ON ENGINEERING 
A. T. Crawford, B.sc. (12.5.49) 

FUEL TECHNOLOGY COMMITTEE 
J. B. Jackson (5.11.53) 

SUB-COMMITTEE ON ADVANCED COURSES IN ELECTRICAL ENGINEERING 
A. T. Crawford, B.sc. (3.12.53); E. C. Rippon (3.12.53) 
T. W. Wilcox (3.12.53) 

Northern Ireland Ministry of Education 

ADVISORY COMMITTEE FOR ELECTRICAL ENGINEERING 
J. W. R. Murland, B.sc.(ENG.) (26.6.58) 

Norwood Technical College 

TELECOMMUNICATIONS CONSULTATIVE COMMITTEE 
R. C. G. Williams, PH.D., B.SC.(ENG.) (27.6.57) 

Nottingham (City) Education Committee 

ELECTRICAL ENGINEERING ADVISORY OMMITTEE 
Appointment pending 

Nottingham, Nottinghamshire and Derby Education 

Authorities’ Advisory Committee 
Appointment pending 

Nottingham University 

COURT OF GOVERNORS 
J. H. Mitchell, pxH.p., B.sc. (5.2.59) 

ENGINEERING ADVISORY COMMITTEE 
G. S. Bosworth, M.A. (8.10.53) 

Paddington Technical College 

BOARD OF GOVERNORS 
D. W. Hopkin (3.12.53) 

Parliamentary and Scientific Committee 

GENERAL COMMITTEE 
Sir Harold Bishop, C.B.£., B.sCc.(ENG.) (31.3.55) 

The Secretary of The Institution (23.5.57) 

Paul Instrument Fund Committee 

P. Dunsheath, C.B.£., M.A., D.SC.(ENG.), LL.D. (5.11.59) 


Poplar Technical College 
GOVERNING BODY 
W. H. L. Lythgoe (15.9.49) 
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Professional Classes Aid Council 
W. K. Brasher, c.B.E., M.A. (7.12.39) 


Reading Technical College 
ENGINEERING ADVISORY COMMITTEE 
A. G. Beverstock, B.sc. (24.4.52) 


Regional Advisory Council for Technical and Other Forms 
of Further Education for the North-West 


POST ADVANCED EDUCATION SUB-COMMITTEE 
H. G. Bell, M.sc.TECH. (8.11.51); B. G. Churcher, m.sc. (19.5.55) 
F. W. Taylor, M.sc.TECH. (16.1.47) 


Regional Advisory Council for Higher Technological 


Education (London and Home Counties) 

ELECTRICAL ENGINEERING ADVISORY COMMITTEE 
Prof. M. W. Humphrey Davies, M.sc. (11.9.58) 
N. C. Stamford, m.sc. (3.2.55) 


Regional Council for Further Education in the South Wes 


NORTHERN AREA SUB-COMMITTEE 
A. G. Milne (17.9.59) 


Royal Air Force Education Advisory Committee 
Appointment pending 


Royal Aircraft Establishment, Farnborough 
ADVISORY BOARD 
Prof. J. Greig, M.sc., PH.D. (22.9.55) 


Royal Society 
BRITISH NATIONAL COMMITTEE FOR PHYSICS 

J. Thomson, M.A., PH.D., D.sc. (10.1.57) 
BRITISH NATIONAL COMMITTEE FOR SCIENTIFIC RADIO 

Sir Noel Ashbridge, B.sc.(ENG.) (4.11.54) 

R. L. Smith-Rose, c.B.£., D.SC., PH.D. (7.11.57) 
GENERAL BOARD OF THE NATIONAL PHYSICAL LABORATORY 

. R. Beard, c.B.£., M.Sc. (5.11.59) 

Sir Archibald J. Gill, B.sc.(ENG.) (10.1.57) 
Royal Technical College, Salford 
ENGINEERING ADVISORY COMMITTEE 

F. Warburton Taylor, M.sc.TECH. (17.5. 
Rutherford College of Technology 
GOVERNING BODY 

H. H. Mullens, B.sc. (7.3.57) 
ADVISORY COMMITTEE FOR ELECTRICAL ENGINEERING 

J. Christie (7.2.52); J. F. Skipsey, B.sc. (14.5.59) 
School of Electronics (Ministry of Supply) 
GOVERNING BODY 

F. T. Chapman, C.B.E., D.SC.(ENG.) (2.3.50) 
Slough College of Further Education 
ADVISORY COMMITTEE FOR ENGINEERING 

A. F. Wilkins, 0.B.£., M.SC.TECH. (19.6.52) 
South-East London Technical College 
BOARD OF GOVERNORS 

D. P. Sayers, B.sc. (11.9.58) 
ELECTRICAL ENGINEERING CONSULTATIVE COMMITTEE 

D. P. Sayers, B.sc. (25.6.59) 
South Shields Marine and Technical College 
GOVERNING BODY 

J. Christie (25.6.59) 
Southend-on-Sea Municipal College 
ENGINEERING ADVISORY COMMITTEE 

H. T. Prior, B.sc.(ENG.) (19.6.52) 
Southern Regional Council for Further Education 
ADVISORY COMMITTEE ON ELECTRICAL ENGINEERING 

R. H. Coates, B.sc.(ENG.) (7.10.48) 
REGIONAL ADVISORY COMMITTEE FOR FUEL TECHNOLOGY 

E. McCabe (22.9.55) 
South-Western Regional Council for Further Education 
NORTHERN AREA ENGINEERING ADVISORY SUB-COMMITTEE 

F. B. Allcock, B.Sc. TECH. (4.4.57) 


SOUTHERN AREA ENGINEERING ADVISORY SUB-COMMITTEE 
S. G. Monk, M.SC.(ENG.), B.SC. (8.1.53) 
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Stafford College of Technology 
GOVERNING BODY 
J. E. Boul, A.c.G.1. (2.4.59) 


Stockport College for Further Education 
ENGINEERING ADVISORY COMMITTEE 
H. G. Brown (5.3.59) 
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Swansea Technical College 


ADVISORY COMMITTEE FOR ENGINEERING 


T. Gill, B.sc. (6.11.58) 


Taunton Technical College 


VISORY COMMITTEE FOR ENGINEERING AND SCIENCE 


D. George (6.3.58) 
Unesco 


UNITED KINGDOM COMMITTEE ON NATURAL SCIENCES 
The Secretary of The Institution (ex officio) (2.2.50) 


Union of Lancashire and Cheshire Institutes 


ENGINEERING ADVISORY COMMITTEE 


Prof. E. Bradshaw, M.B.E., M.SC.TECH., PH.D. (19.5.55) 


PANEL FOR ENGINEERING 


Prof. E. Bradshaw, M.B.E., M.SC.TECH., PH.D. (19.5.55) 


Wallasey Technical College 


GOVERNING BODY 
J. Collins (22.9.55) 


Wandsworth Technical College 


BOARD OF GOVERNORS 
D. W. Hopkin (5.4.56) 


Welsh Academic Board of Technology 


ENGINEERING SUB-COMMITTEE 
Appointment pending 


Welsh Joint Education Committee 


TECHNICAL EDUCATION COMMITTEE 
J. Vaughan Harries (5.10.50) 


West Ham College of Technology 
ELECTRICAL ENGINEERING ADVISORY COMMITTEE 
C. E. Strong, 0.B.E., B.A., B.A.I. (5.11.59) 


Council for Codes of Practice (CP/-) 


Institution nominees: 


Col. B. H. Leeson, C.B.E., T.D. 


(5.3.59) 
ELCP/- nominees: 


S. E. Goodall, M.sc.(ENG.), 
F.Q.M.C. (17.4.57) 


The Chairman of ELCP/- (ex officio) 


J. 1 Bernard, B.SC.TECH. 


A. H. Young 


Codes of Practice Committee for Electrical 


Engineering (ELCP/-) 
Chairman: Forbes Jackson 

J. 1. Bernard, B.sc. TECH. 

C. A. Cameron Brown, B.Sc. 
H. M. Lacey, B.SC.(ENG.) 


. and 


J. Brierly, B.A. 
W. McDermott, B.SC.TECH. 


Sir Henry Clay, BART., M.A. 
J. Flood 


E. E. Hutchings, B.sc.(ENG.) 
T. M. H. Stubbs 


T. S. Pick, B.Sc.(ENG.) 

*S. E. Goodall, M.sc.(ENG.), 
F.Q.M.C. 

M. D. Stonehouse 

H. G. F. Gamble 

R. H. Jones, M.sc. 


J. Comrie 

W. J. Jones, M.sc.(ENG.) 
**Miss Mary George, M.B.E. 
A.V. Milton 

H. G. MacKerron, B.sc. 


EP. ny B.SC. 
ird 


A.W 
1C. E. Mills 
W. R. Stevens, B.sc. 
R. H. Coates, B.SC.(ENG.) 
8.J. Emerson, M.ENG. 


A.H. F. Linton 


* Deputy, J. R. Cox 
Deputy, W. R. Whittington 
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R. A. Marryat, B.Sc.(ENG.) 
E. L. E. Pawley, 0.B.£., M.SC.(ENG.) 
A. H. Young 


Nominated by 

Air Ministry 

Associated Offices Technical Com- 
mittee 

Association of Consulting Engineers 

Association of Supervising Electrical 
Engineers 

British Electrical and Allied Indus- 
tries Research Association 

British Electrical and Allied Manu- 
facturers’ Association 

British Transport Commission 


Cable Makers Association 

Central Electricity Generating Board 

C.E.G.B. Area Boards 

Crown Agents for Oversea Govern- 
ments and Administrations 

D.S.1I.R. Building Research Station 

Electric Lamp Industry Council 

Electrical Association for Women 

Electrical Contractors’ Association 

Electrical Contractors’ Association o 
Scotland 

Electronic Engineering Association 

Engineering Equipment Users’ Asso- 
ciation 

Fire Offices’ Committee 

Illuminating Engineering Society 

Institution of Mechanical Engineers 

Ministry of Labour and National 
Service 

Ministry of Power 


** Deputy, Mrs. M. E. Pickford 


West Midlands Advisory Council for Technical, Com- 


mercial and Art Education 
ELECTRICAL ENGINEERING ADVISORY COMMITTEE 
D. A. Bell, M.A., B.sc. (2.2.56) 


Widnes College of Further Education 
ENGINEERING ADVISORY COMMITTEE 
T. E. Houghton, M.ENG. (13.9.56) 


Wolverhampton and Staffordshire College of Technology 
ELECTRICAL AND MECHANICAL ADVISORY COMMITTEE 
W. J. Gibbs, p.sc. (5.11.53) 


Women’s Engineering Society 
COUNCIL 
Sir Willis Jackson, D.sc., F.R.S. (9.7.59) 


Worcester Education Committee 
ENGINEERING ADVISORY COMMITTEE 
H. J. Gibson, sB.sc. (3.11.55) 


World Power Conference 
BRITISH NATIONAL COMMITTEE 
R. Beard, c.B.£., M.Sc. (17.9.53) 


Yorkshire Council for Further Education 
ELECTRICAL ENGINEERING COMMITTEE - 

G. Caton (14.5.59) 
ELECTRICAL AND MECHANICAL ENGINEERING ADVISORY COMMITTEE 
JOINT SUB-COMMITTEE 

G. H. Fletcher (5.4.51) 
COAL MINING ADVISORY COMMITTEE 

J. Mann (1.2.51) 
LEEDS—HULL ACADEMIC BOARD 

J. D. Nicholson, B.sc. (19.5.55) 


Codes of Sesntins Council 


Ministry of Works 

National Coal Board 

National Inspection Council for Elec- 
trical Installation Contracting 

North of Scotland Hydro-Electric 


IP. McKearny, 0O.B.£. 
P. N. Wyke, B.sc. 
E. J. Sutton 


Appointment pending 


Board 
E. W. Anderson, B.SC.(ENG.) Post Office 
E. M. Lee, B.sc. Radio Industry Council 
Thomas Mitchell, M.B.£., B.sc., Royal Institute of British Architects 
A.R.I.B.A. 


South of Scotland Electricity Board 
Telecommunication Engineering and 
Manufacturing Association 


Code Drafting Committee on Farm and Horticultural 
Electrical Installations (ELCP/1) 


Chairman: C. A. Cameron Brown, B.Sc. : , 
Institution nominees: J. 1. Bernard, B.sc.TECH.; H. W. Grimmitt, C.B.E.; 
F. E. Rowland 


Code Drafting Committee on Electrical Installations 
(ELCP/2) 

Chairman: R. A. Marryat, B.SC.(ENG.) 

Institution nominees: 

J. Flood; H. W. Grimmitt, c.B.£.; P. McKearney, 0.B.£.; *C. E. Mills; 
A. V. Milton; W. A. Smith; T. M. H. Stubbs; K. H. Tuson 


Code Drafting Committee on Private Generating Plant 
(ELCP/3) 

Chairman: ous pending 

Institution nominees: J. P. Inglis; F. J. Mann; A. V. Milton 


Code Drafting Committee on Protection of Structures 
against Lightning (ELCP/4) 

Chairman: H. M. Lacey, B.Sc.(ENG.) 

Institution nominees: P. McKearney, 0.B.£.; TC. E. Mills; J. F. Shipley 
Code Drafting Committee on Supply, Metering and 
Consumers’ Controls (ELCP/5) 


Chairman: appointment pending 
Institution nominees: W. Hughes, B.sc.; 
Stubbs; W. H. Walton; A. H. Young 


Code Drafting Committee on Telecommunication (ELCP/6) 
Chairman: E. W. Anderson, B.SC.(ENG.) 
Institution nominees: W. H. Brooks; C. King 


G. S. Wilton, B.sc. 
H. Faulkner, C.M.G., B.SC.(ENG.) 


H. C. Spence; T. M. H. 


t Deputy, C. E. Bedford, B.sc.(ENG.) + Deputy, W. R. Whittington 


* Deputy, T. H. Adie 
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Joint MECP/ELCP Panel on Fire Alarms 

Chairman: W. H. Tuckey, 0.B.E. 

Institution nominees: C. King; F. H. Mann 

Code Drafting Committee on Heating, Refrigeration and 
Domestic Appliances (ELCP/7) 

Chairman: A. H. Young 

Institution nominee: J. 1. Bernard, B.SC.TECH. 

Code Drafting Committee on Lighting (ELCP/8) 
Chairman: W. J. Jones, M.SC.(ENG.) 

Institution nominees: Mrs. M. B. Jackson; E. J. Sutton; A. H. Young 
Code Drafting Committee on Machines, Transformers, 
Rectifiers and Capacitors (ELCP/9) 

Chairman: F. H. Mann 

Institution nominees: S. H. Harding; H. F. Jones, B.sc.(ENG.) 

Code Drafting Committee on Wiring Systems (ELCP/10) 
—now combined with ELCP/8 

Code Drafting Committee on Use of Electronic Valves 
(ELCP/11) 

Chairman: appointment pending 

Institution nominees: 

K. A. F. Frost, B.sc.(ENG.) 

The Chairman of the Electronics and Communications Section (ex officio) 
Drafting Sub-Committee (ELCP/11/1) 

Chairman: appointment pending 

Code Drafting Committee on Maintenance of Electrical 
Switchgear (ELCP/12) 

Chairman: A. J. Gibbons, B.sc.TECH. 

Institution nominees: 

L. Drucquer (nominated by the Supply Section) 

H. C. Fox (nominated by the Utilization Section) 

Drafting Sub-Committee (ELCP/12/1) 

Chairman: H. Astbury 


Code Drafting Committee on Street Lighting (ELCP/13) 

Chairman: J. M. Waldram, B.sc.(ENG.) 

Institution nominees: 

W. R. Stevens, B.sc.; B. L. Metcalf, B.sc.(ENG.) 

The Chairman of the Utilization Section (ex officio) 

Drafting Sub-Committee (ELCP/13/1) 

Chairman: J. M. Waldram, B.sc.(ENG.) 

Code Drafting Committee on Abatement of Radio Inter- 

ference Caused by Ignition Systems (ELCP/14) 

Chairman: W. Nethercot, M.A., B.SC. 

Institution nominees: W. J. Bray, M.SC.(ENG.); The Hon. R. T. B. Wynn, 
C.B.E., M.A. 

Code Drafting Committee on Abatement of Radio Inter- 

ference Caused by Discharge Lighting (ELCP/15) 

Chairman: Capt. C. Higgins, 0.B.£., B.SC.(ENG.) 

Institution nominees: E. M. Lee, B.sc.; W. J. Bray, M.SC.(ENG.) 

Code Drafting Committee on the General Aspects of 

Radio-Interference Abatement (ELCP/16) 


Chairman: E. M. Lee, B.sc. 


Code Drafting Committee on Earthing (ELCP/17) 
Chairman: H. W. Grimmitt, c.B.£. 

Institution nominees: . 

P. B. Frost, B.sc.(ENG.); R. A. Marryat, B.sc.(ENG.); J. F. Shipley; 
G. F. Shotter; H. W. Swann, o.B.k. 

The Chairman of the Utilization Section (ex officio) 

The Chairman of the Supply Section (ex officio) 

The Chairman of the Ship Electrical Equipment Committee (ex officio) 
Code Drafting Committee on Maintained Lighting in 
Cinemas (ELCP/18) 

Chairman: A. F. Steel, B.sc.(ENG.) 

Institution nominee: 

The Chairman of the Utilization Section (ex officio) 


Drafting Sub-Committee (ELCP/18/1) 
Chairman: A. F. Steel, B.sc.(ENG.) 
Code Drafting Committee on Flameproof and Intrinsically 


Safe Electrical Equipment (ELCP/19) 
Chairman: F. H. Mann 
Institution nominee: R. A. Marryat, B.SC.(ENG.) 


Drafting Sub-Committee (ELCP/19/1) _ 
Chairman: F. H. Mann 


Code Drafting Committee on Overhead Electric Power 
Lines (ELCP/20) 


Chairman: H. W. Grimmitt, c.B.£. 
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Institution nominees: 

C. O. Boyse, B.sc.(ENG.); P. K. Davis; P. B. Frost, B.SC.(ENG.) 
C. H. E. Ridpath, B.sc.(ENG.); P. J. Ryle, B.sc.(ENG.) 

The Chairman of the Supply Section (ex officio) 


Drafting Sub-Committee No. 1: Conductors (ELCP/ 
Chairman: appointment pending 
Drafting Sub-Committee No. 2: Insulators (ELCP/2¢ 
Chairman: P. K. Davis 
Drafting Sub-Committee No. 3: Supports (ELCP/20 
Chairman: P. J. Ryle, B.sc.(ENG.) 

Drafting Sub-Committee No. 4: Co-Ordination 
(ELCP/20/4) 

Chairman: H. W. Grimmitt, C.B.E. 

Code Drafting Committee on Abatement of Radio 
ference Caused by Electro-Medical and Industrial R 
Frequency Equipment (ELCP/21) 

Chairman: J. S. Forrest, D.SC., M.A. 


Institution nominees: 
H. W. Grimmitt, c.B.£.; E. M. Lee, p.sc.; T. M. H. Stubbs 


Drafting Sub-Committee (ELCP/21/1) 

Chairman: C. W. Sowton, B.Sc. 

Code Drafting Committee on Maintenance of Insula 
Oils (ELCP/22) 

Chairman: P. W. L. Gossling 

Institution nominee: A. W. Stannett, B.SC.(ENG.) 


Code Drafting Committee on Climate Proofing of 
Electrical Equipment (ELCP/23) 

Chairman: B. Donkin, B.A. 

Code Drafting Committee on Maintenance of Contrel 
Gear (ELCP/24) 


Chairman: S. J. Emerson, M.ENG. 4 

Institution nominee: R. A. Marryat, B.SC.(ENG.) (nominated b 
Utilization Section) 

Code Drafting Committee on Measurement and Abate 

of Radio Interference in Aircraft (ELCP/25) 

Chairman: N. G. Anslow 

Code Drafting Committee on Loading of Transformers 

(ELCP/26) 

Chairman: H. G. Bell, M.sc.TECH. 

Institution nominees: 

H. G. Bell, M.sc.TECH. (nominated by the Supply Section) 

W. S. Lovely, B.sc. (nominated by the Utilization Section) 

Code Drafting Committee on Dust-Tight Electrical 

Equipment (ELCP/27) 

Chairman: F. H. Mann; Institution nominee: J. W. Binns 

Codes of Practice Committee for Mechanical Enginee 

(MECP/-) 

Institution nominee: F. H. Mann (24.6.54) . 

Code Drafting Committee on Guarding of Machinery ~ 

(MECP/4) i 

Institution nominee: F. H. Mann (1.3.56) 

Code Drafting Committee on Oil-Firing Installations 

Conversions (MECP/6) 


Institution nominee: H. E. Baker (7.2.57) 


Codes of Practice Committee for Buildings (BLCP/-)” 


Institution nominee: Forbes Jackson (29.4.54) 
















































Code Drafting Committee on Daylight, Sunlight, and ~ 
Artificial Light (BLCP/9) 

Institution nominee: W. R. Stevens, B.sc.(31.3.55) 

Code Drafting Committee on Lifts, Hoists and Esca 


Institution nominees: 
L. S. Atkinson (15.4.46); H. W. Fulcher (2.12.43) 


Code Drafting Committee on Mechanical Refrigeratic 
Institution nominee: K. J. R. Cocke, B.sc.(ENG.) (4.3.48) 

Code Drafting Committee on Optical Projection Equipt 
for Schools 

Institution nominee: V. M. Roberts, B.sc. (8.8.48) 


Code Drafting Committee for Independent Fires 4 
(formerly convened by the Royal Institute of British Architects) 4 
Institution nominee: J. 1. Bernard, B.sc.TECH. (16.1.47) 

















